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PREFACE. 



In introducing the Richards Improved Steam- 
Engine Indicator, we desire to call the attention of 
the numerous class who, as constructors, managers 
or owners, are interested in the steam-engine, to 
the advantages which it possesses. In the follow- 
ing pages all necessary information is furnished 
concerning the instrument and its apphcation, and 
such instruction is given to those who are not al- 
ready sldUed in the use of the Indicator, as will en- 
able them to employ it to the best advantage. 

The Indicator was invented by "Watt. For some 
time it was kept by him a secret, but became known 
before his death, and to its use, now quite general, 
we are more indebted than to anything else, for 
the degree of excellence which the steam-engine 
has attained. The employment of more rapid 
velocities of piston, with higher pressures of steam, 
and higher grades of expansion, which has become 
so extensive and promises ultimately to be uni- 
Tersal, has increased greatly the importance of the 
Indicator ; since this is the only means as yet 
known^ by which the engineer can lender himself 
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familiar with the action of steam under these new 
conditions. Unfortunately, every form of this in- 
strument has hitherto failed in its application to 
engines of this class. The long and tremulous 
spring used in them was put in a state of violent 
oscillation by the momentum of the piston and 
attached parts, and the result was a serrated 
figure, from which but little information could be 
extracted ; so that, after a time, attempts to 
employ the Indicator in this important and 
rapidly enlarging field were quite abandoned. 

Under these circumstances, the appearance at 
the Great Exhibition of 1862 of the improved form of 
this instrument, invented by Mi*. Charles B. Eichards, 
an engineer of Hartford, Connecticut, U. S., may 
not improperly bo regarded as an event of some 
importance. The action of this Indicator was 
found to be quite perfect, under the severest tests 
to which it could there be subjected, and recently 
it has been still more thoroughly tried, on an 
express engine on the London and South-TVestern 
EaiLway, and its performance has more than real- 
ized the expectations formed of it. Two instru- 
ments, among the first manufactured by us, were 
employed, with which nearly two hundred dia- 
grams were taken, on a trip to Southampton and 
back, at pressures varying from 80 lbs. to 130 lbs., 
at rates of motion varying from the slowest up to 
2G0 revolutions per minute, giving a speed of 65 
zoil "^ at all points of cut-off ; and 
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they were found uniformly to work with the same 
steadiness at the highest velocity as at the lowest, 
and at the earliest point of cut-off as at the latest. 
Copies of a few of the diagrams are here given. 

"We do not claim for these Indicators superiority 
on engines running at high velocities only, though 
certainly it is there most apparent where others 
will not answer at all ; but we believe also, for 
reasons herein explained, that they will be found 
in practice to be the only correct Indicators for en- 
gines running at any speed, even the lowest. 

"We have only to add, that no pains have been 
spared to attain, in the manufacture of these instru- 
ments, the highest degree of accuracy and excel- 
lence, and that if the directions here given are 
attended to, their indications may be implicitly re- 
lied on. 

Elliott Brothers. 
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PREFACE. 



The demand for an elementary treatise ^on the 
Richards Steam-Engine Indicator, together with 
the solicitation of professional friends, has induced 
me to undertake the preparation of the work. 

The original and very excellent work of Mr. Por- 
ter, now out of print, being principally an illustra- 
tion of Enghsh engines and English practice, leaves 
room for a work combining American engines and 
American practice. 

I have therefore used much of Mr. Porter's, and 
added new matter and new diagrams — ^the result 
of a large experience, extending over six years. 

The new diagrams introduced were, with one or 
two exceptions, taken by myself. 

The diagrams taken November 14th, 18G7, from 
the locomotive No. 50, built by the " Taunton Lo- 
comotive "Works, " are believed to be the first ever 
taken in this country from a locomotive when mak- 
ing a regular trip with an express train. 

It will be of interest to the American engineer 
to compare them with those from an English loco- 
motive, as shown in the work. 
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In order to make the work more useful to the 
practical engineer, an Appendix has been added, 
containing various formulas, which, during an ex- 
perience of more than thirty years as a practical 
engineer, have been collected, but never before 
given to the public. The new rule to measure and 
compute diagrams (page 42), will be found a very 
expeditious and correct mode. The liabilities to 
error being reduced as ten to one. It was brought 
to my notice by Mr. Chas. E. Emery, engineer, New 
York City. It is now for the first time published, 
so far as I know. 

The prime object has been to give nothing that 
is not known by practical experience to be correct, 
also to give it in a way that will be understood by 
any one capable of filling the place of an engineer. 

F. W. Bacon. 
Boston, October, 1873, 
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THE NATURE AND USE OF THE INDICATOR. 

The Steam-Engine Indicator is an instrument 
designed to sliow the pressure of steam in the 
cylinder, at each point of the piston's stroke. It 
does this in the following manner : A pencil, 
moving up and down with the varying pressure of 
the steam, draws a line on paper, which has a 
motion backward and forward, coincident with 
that of the piston. The paper is placed on a 
drum, which, while the piston is advancing, is 
caused to make about three-quarters of a revolu- 
tion, by means of a cord connected with a suitable 
part of the engine, and while the piston is rece- 
ding, is brought back to its first position by the 
reaction of a spring. The pencil is attached to a 
small piston, moving without fidction in a cylinder, 

1* 
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and the motion of which is resisted by a spring of 
known elastic force. 

The pressure of the atmosphere is always on 
the upper side of this piston, and when the com- 
munication with the cylinder of the engine is 
closed, it is on the under side also ; and if then 
the motionless pencil be applied to the moving 
paper, it will draw a line which is called the 
atmospheric Hne. When the communication is 
opened between the under side of this piston and 
one end of the cylinder of the engine, the piston 
will be forced upward by the pressure of the 
steam, or downward by that of the atmosphere, 
as the one or the other preponderates; and if 
now the pencil be applied to the moving paper, it 
will describe, during one revolution of the engine, 
a figure, each point in the outline of which will 
show, by its distance above or below the atmos- 
pheric line, the pressure in that end of the cylin- 
der, when the piston was at the corresponding 
point of its forward or return stroke. The spring 
which resists the motion of the Indicator piston 
is so proxDortionod in strength that a change of 
pressure of one pound on the square inch shall 
cause the pencil to move up or down a certain 
fractional part of an inch. 

The diagram thus described shows on inspection 
the following x^a-i'ticulars, viz., what proportion of 
the boiler-pressure is obtained in the cylinder ; 
how early in the stroke the highest j)ressure is 
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reached ; liow well it is maintained ; at what point, 
and at what pressure, the steam is cut off ; whether 
it is cut off sharply, or in what degree it is wire- 
drawn ; at what point, and at what pressure it is 
released ; in a non-condensing engine, whether it 
is freely discharged, or what proportion of it re- 
mains to exert a counter-pressure ; in a condens- 
ing engine, the amount of the vacuum, and how 
quickly, or how gradually it is obtained ; and in 
both classes of engines, whether, before the com- 
mencement of the stroke, there is any compression 
of the vapor remaining in the cylinder, and if so, 
at what point it commences, and to how high a 
pressure it rises. From the diagram, the mean 
pressure exerted during the stroke, to produce and 
to resist the motion of the piston, may be ascer- 
tained, and thus the engineer may come to know 
accurately the amount of power required to over 
come the whole aggregate resistance on the engine, 
and also, by taking separate diagrams for each, the 
power required by each of the several resistances 
or classes of resistance separately.* He may en- 

• This we find of great nso when called to determine (as 
we often are) the power used by tenants. The landlord lets 
power to his tenants ; it is fixed at a given price per horse- 
power. The question arises, how much the tenant docs use. 
This is accurately determined. The practice is this: V/e take 
several diagrams, one from each end of the cylinder, when 
the engine is doing all the work, noting the number of revo- 
lutions being made when each pair is taken. Should there 
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deavor also to ascertain the causes of the various 
features presented in the diagram, and thus to 
learn the effect produced by this or that form or 
arrangement of i)arts, and to detect any imperfec- 
tion in their construction or action. 

It must bo borne 'in mind, that the Indicator 
shows only the pressure at each point of the 
stroke; to represent this faithfully is its sole office. 
It tells nothing about the causes which have de- 
termined the form of the figure which it describes. 
The engineer concludes what these are, as the 
result of a process of reasoning, and this is the 
point where errors are liable to be committed. 

be a difference of B])eed of the engine during the time of 
taking these diagrams it is noted on each pair, and ananged 
when worked up. 

These diagrams and the result we mark *• aU onf* then wo 
stop tenant No. 1, throw off the belt that carries his work, 
take say three pairs of diagrams, and work them up. Now, as 
much as these are less than the average of those taken with 
*'aZZ 071," so much wo charge tenant No. 1. We then put his 
belt on and proceed with tenant No. 2, and charge him in tho 
same manner. Thus wo proceed with alL In making up 
our accounts for each, and adding them, we find the aggre- 
gate will fall short of the gross of *'aW on." This is as it 
should be, from the well-known fact that the friction of the 
engine and intervening machinery decreases as tho power 
required decreases, and vice versa. 

This amount of decrease or increase, as the case may be, 
we have found to vary from 5 per cent, to 8 per cent, de- 
pending on circumstances. "Whatever it may be it should be 
charged to the tenant. 
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Conclusions which seem obvious sometimes turn 
out to have been wrong, and the abiHty to form an 
accurate judgment, as to the causes of the pecu- 
liarities presented in a diagram, is one of the 
highest attainments of an engineer. 

The variety of diagrams given by different en- 
gines, 'and by the same engine under different 
circumstances, is endless; and there is perhaps 
nothing "more instructive to the student of engi- 
neering, as there is nothing more interesting to 
the accomplished engineer, than their careful and 
comprehensive study, with a knowledge of the mod- 
ifying circumstances under which each one was 
taken. Lines at first meaningless become full of 
meaning; that which scarcely arrested his atten- 
tion, comes to possess an absorbing interest; he 
becomes acquainted with the innumerable variety 
of vicious forms, and learns the points? and degrees, 
as well as the causes, of their departure from the 
single perfect form; ho becomes famihar with the 
effects produced by different constructions and 
movements of parts, and competent to judge cor- 
rectly as to the performance of engines, and to 
advise concerning changes, by which it may bo 
improved; he ceases to be a mere imitator of ma- 
terial shapes, and learns to strive after the highest 
excellence, and, at the same time, to comprehend 
its conditions. No one at the present day can 
claim to be a mechanical engineer who has not 
become familiar with the use of the Indicator, and 
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skilful in turning to practical advantage the varied 
information which it furnishes. 

This brief summary of the uses of the Indicator 
would be incomplete without calling attention to 
the importance of applying it to boilers, as a means 
of testing the accuracy of the pressure-gauges, and 
to pumps, for the purpose of ascertaining the causes 
of any inefficiency in their action, and also to the 
condenser and the air pump of condensing engines. 

The diagram, No. 1, taken from one of the 
engines of a well-known steamship,* is introduced 
here to illustrate the action of the Indicator, as 
just described. 

The scale of the Indicator was twelve pounds to 
the inch. The line a b is the atmospheric line, and 
c D the lino of perfect vacuum. The lines forming 
the outline of the diagram will be designated, for 
convenience of description, as follows: — 

The line from a to 6, the admission-line. 
" 6 to c, the steam-line. 

" to d, the line or curve of expansion, 

" d to e, the exhaust-line. 

" e to /, the line of counter-pressure. 

" / to a, the compression-line. 

♦ The engines from which the diagrams here employed for 
illustration were taken, will not be mentioned, except in two 
or three exceptional cases ; the object of this paper being, not 
to publish the comparative performance of different engines, 
but to give instruction to those who may require it, in the use 
of the ImUcator, 
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The steam-line does not in fact end at c, but at 
some unknown point beyond c. The diagram is divi- 
ded by lines drawn perpendicular to the atmospheric 
lino into ten equal parts, and also by lines drawn 
parallel with the atmospheric line at intervals of 
five Tjounds pressure. The object of these is to 
enable the engineer to observe more accurately the 
nature of the diagram, and to ascertain the mean 
pressure exerted during the stroke, the mode of 
doing which will be explained hereafter. The line 
c ^ is the theoretical expansion curve drawn from 
the point c. 

^From an examination of this diagram, we con- 
clude that the exhaust-port was covered at the point 
/*, of the return stroke, and the vapor remaining in 
the cylinder was then compressed by the advance 
of the piston to a density, at the commencement of 
the forward stroke, of about five pounds above the 
atmosphere. The port was then opened for admis- 
sion, and the pressure instantly rose to fourteen 
and a haK pounds above the atmosphere. The 
port being opened wider and wider, this pressure 
was maintained behind the advancing piston to the 
point c, at which it began to fall, at first very 
slowly, from the gradual closing of the port by the 
cut-off valve. The point at which the port was 
covered cannot be identified. It was certainly, how- 
ever, far beyond the point c, and strictly the steam- 
line continues to the point of cut-off, however the 
pressure may fall before that point is reached. At 
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the point d, the pressure had fallen by expansion to 
two pounds above the atmosphere. Here the valTe 
began to open communication with the condenser, 
and before the piston commenced its return stroke 
the pressure on this side of it fell to nearly ten 
pounds below the atmosphere, and almost imme- 
diately after a vacuum of twelve pounds was formed; 
and when the return stroke was two-thirds accom- 
plished, the counter-pressure suddenly fell half " a 
pound lower, and this vacuum was maintained 
until the exhaust-poii; was closed at the point f. 
We shall refer to this diagram again, when on the 
subjects of calculating the power of the engine from 
the diagram, and of working steam expansively. 



OF TEUTH IN THE DIAGRAM. 

It is, of com'se, of the first importance that the 
diagram given by the Indicator shall be true. 
Causes of error appear at every point, and the de- 
gree of falsity arising from them increases greatly 
with an increase in the rate of revolution of the 
engine. It is not possible to be too critical in using 
the Indicator, es]iecially at high speeds; the errors 
we are not conscious of are the ones sure to mis- 
lead us. 

The Conditions of a correct Diagram are — 1st, 
that the movements of the paper shall coincide ex- 
actly with those of the piston ; and, 2nd, that the 
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movements of the pencil shall simultaneously and 
precisely represent the changes of pressure in that 
end of the cylinder to which the Indicator is 
attached. 

1st. Errors in the Motion of the Paper, — ^The com- 
mon errors in communicating motion to the paper 
are of two kinds — ^those which arise out of the 
movements employed, and those which, when the 
movements are correct, are occasioned by a high 
velocity of the parts; but with proper care these 
may all be avoided. We shall mention them in 
detail presently, in connection with instructions for 
applying the Indicator. 

2d. Errors in the Motion of the Pencil. — ^These 
are of a more serious nature. The spring may be 
accurate, but its imavoidable length and weakness, 
and its weight, joined to that of the piston 
and other attached parts, and the distance through 
which these must move, in order that the indica- 
tions may be on a scale of sufficient magnitude, 
render it impossible to obtain from engines which 
run at any considerable speed, with any form of 
Indicator hitherto in use, diagrams which can make 
any claim to accuracy. 

THE EICHAEDS INDICATOR 

Is constructed on a plan by which it is found that 
these difficulties are quite avoided, and correct dia- 
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^ams arc obtained under all circumstances. Tho 
principal distinguishing features of this instruzneut 
arc a short and strong spring, a short motion of 
piston and light reciprocating parts, combined with 
u considc'rablo area of cylinder, and an arrange* 
mcut of lovers and a parallel motion, for multiply- 
ing the motion of the piston in such a manner that 
tho diagram is dcscri])ed in the usual way and of 
tho ordinary size. The proportion between the 
motion of the piston and that of the pencil is a 
matter of discretion; that which has been adopted 
is 1 to 4, and the steadiness with which the indica- 
tion is drawn by these instruments, even at the 
highest speeds of pistoii, leaves nothing to be de- 
sired. 

Tho diagrams numbered 2, 3, 4, 5, are fair sam- 
ples of a large number taken from the locomotive 
" Eagle," on the London and South-Western Eail- 
way, in A2)ril, 18G3. In three of them, tho pencil 
was held to the paper during a number of revolu- 
tions ; in diagram No. 5 it passed over the paper 
only once and a half. They are introduced here to 
show the coiTcct action of the instrument; we shall 
have occasion to consider them also as illustrations 
of working steam expansively. 

General Construction of the Indicator. — The paral- 
lel motion is made as compact as possible. For 
this j)ur2)oso, a lever of the third order is employ- 
ed to multiply the motion, and the extremities of 
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the line drawn by the pencil are permitted to have 
a slight curvature, which considerably reduces the 
length of the rods, and does not affect the use- 
fulness of the instrument, the curvature at the 
lower end being below any attainable vacuum, 
'while the extremity of the scale above is very 
rarely employed. 

The Indicators are made of a uniform size; the 
area of the cyhnder is one-haK of a square inch, 
its diameter being .7979 of an inch. The piston is 
not fitted quite steam-tight, but is permitted to leak 
a little; this renders its action more nearly friction- 
less, and does not at all affect the pressure on 
either side of it. The motion of the piston is f ^ of 
an inch, and the motion of the pencil, or extreme 
height of the diagram, is 3 J inches. The paper cyl- 
inder is 2 inches in diameter, and the length of the 
diagram may be 5 J inches, if this extent of motion 
is given to the cord. The diagram is drawn by a 
pointed brass wire on metallic paper. This is a 
great improvement over the pencil ; the point lasts 
a long time, cannot be broken off, and is readily 
sharpened, and the diagram is indelible.* The 
steam-passage has two or three times the area usu- 

^— — ■■■ ■ ■■-——■ *l ^^»— ^ ■■■»■■■■■■■■ ■ ■■■■! I .IMBI.II. I ■ 

* We have used the metallic pencil with the prejiared me- 
talUc paper. It works well, but the difficulty of procuring it, 
together with its high cost, renders it objectionable. Wo use 
heavy, unsized paper with a Faber No. 4 pencil ; we succeed 
in getting good, distinct dia'grams, with lines sufficiently fine 
to measure correctly. 
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ally given to it. The stem of the Indicator is coni- 
cal, and fits in a corresponding seat in the stop- 
cock, where it is held by a peculiar coupling, shown 
in section in the accompanying cut of the Indica- 
tor. This arrangement permits the Indicator to 
be turned round, so as to stand in any desired po- 
sition, when, the couphng being turned forward, 
the difference in the pitch of the screws draws the 
cone firmly into its seat; and when the coupling is 
turned backward, the cone is by the same means 
started from its seat. The leading pulleys may be 
turned by some pressure, to give any desired direc- 
tion to the cord, and will remain where they are 
set. By these means the Indicator can be readily 
attached in almost any situation. 

The Springs, — ^In order to adapt this Indicator 
for use on engines of every class, springs are made 
for it to 4 different scales, as follows : 

No. 16, which is graduated 16 lbs. to the inch. 35 lbs. 

No. 20, ** '* 20 ** ♦' " 56 " 

No. 30, " " 30 ** ** " 75 " 

No. 40, " " 40 •* " " 105 ** 

All the above will also indicate 15 lbs. below the 
atmospheric line. 
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PEACTICAL DIRECTIONS FOR APPLYING AND 
TAKING CARE OF THE INDICATOR. 

I. OF ATTACHING THE INDICATOR. 

When it is practicable, diagrams should be taken 
from each end of the cylinder. The assumption 
commonly made, that if the valves are set equal, 
the .diagram from one end will be like that from 
the other, will be shown by this instrument to bo 
erroneous. This is owing to the difference in the 
speed of the piston at the opposite ends of the 
cylinder, which is, at the outer end of a direct- 
acting engine, from one-sixth to one-third greater 
than at the crank end, the difference varying ac- 
cording to the degree of angular vibration of the 
connecting rod. In side-lever, or beam -engines, 
these proportions are reversed, and the speed of 
the piston is greater at the upper end of the cylin- 
der. Often, also, there is a difference in the 
lengths of the thoroughfares, and in the lead, or 
the amount of opening, or the point of closing ; 
and many times the valves are supposed to be cor- 
rectly set when this Indicator will show that they 
are not. These, and many other causes, will make 
a difference in the diagrams obtained from the op- 
posite sides of the piston. 

Pipes to he avoided.^— The Indicator should bo 
fixed close to the cylinder, especially on engines 
working at high speeds. If pipes must bo used. 
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tbey sliould not be smaller than half an incli in 
diameter, and five-eighths in the ' bends, and as 
short and direct as possible. Any engineer can 
satisfy himself with this instrument that each inch 
of pipe occasions a perceptible fall of pressure 
between the engine and the Indicator, varying ac- 
cording to its size and number of bends and the 
speed of the piston. Diagrams have been known 
to show, from this cause alone, forty per cent, less 
pressure than was actually in the cylinder. 

Where to connect the Indicator,'- — On vertical cylin- 
ders, for the upper end, the Indicator-cock is 
usually screwed into the cover, where the oil-cup 
is set, this being removed for the purpose. For 
the lower end, it is necessary to drill into the side 
of the cylinder, at a convenient point in the space 
between the cylinder bottom and the piston, when 
on the centre, and screw in a short bent pipe, with 
a socket on the end to receive the Indicator-cock. 
The Indicator can be used in a horizontal position; 
but it will be found much more convenient to put 
in a bent pipe, and set it vertical. Sometimes it 
will be necessary to drill in the side of the cylinder 
at the upper end also, especially in double-cyhnder 
engines having parallel motions, when the Indicator 
cannot generally be set on the covers. Care must be 
taken that the piston does not cover the hole when 
on the centre. No putty is necessary to make 
these small joints, and it should never be used, as 
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it is liable to clog the instrument. If the screw fits 
loosely, a few threads of cotton wound round the 
stem will prevent the escape of steam. Objections 
are sometimes made to drilling a cylinder or its 
heads, for the reason that the borings as the drill 
passes through will be left in the cylinder and 
likely to scratch it; this, with a little management, 
can be wholly prevented, by letting a little steam 
on as the drill enters, which will blow it outwards. 

On horizontal engines, the best place for the 
Indicator is on the top or upper side, at each end; 
if it cannot be placed there, bent jDipes may be 
screwed into the covers or into the side of the 
cylinder. In other respects follow the directions 
given for vertical engines. The Indicator should 
never be set to communicate with the thorough- 
fares. The current of steam past the end of the 
pipe or the hole reduces the pressure in the instru- 
ment, and the diagram given is utterly worthless, 
as any engineer can readily ascertain by making 
the experiment. On oscillating cylinders care must 
be taken to set the iustrument in such a position 
that the motion of the cylinder will not have the 
effect to throw the pencil to and from the paper. 

The stopcock being screwed firmly to its place, 
screw the Indicator down to its seat, turning it to 
the most convenient position, and make it fast by 
turniug the couphng; then move the guiding pul- 
leys to their proper position to receive the cord, 
and the instrument is in readiness for use. 
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II. OF On'ING MOTION TO THE PAPER. 

Tlie Drum tho bod Means. — ^Tlie revolution of a 
drum is probably the most correct -as well as con- 
ycnicnt method of giving motion to the paper. It 
may be supposed that a flat sHde, worked by posi- 
tive means, would have a perfectly accurate motion; 
but, in fact, at high velocities, where alone any 
trouble is met with, the difficulties involved in its 
use are more troublesome than those presented by 
tho cylinder. In most cases the connecting-rod 
must necessarily be somewhat long; it must not 
tremble, or the line on the paper wiU be tremulous, 
and the weight required for sti£&iess, joined to the 
weight of the slide, causes a momentum, which, if 
the rod is worked by a vibrating arm, will give to 
the paper, on each centre, a motion opposite to 
that of the piston of the engine; and precisely at 
these points it is of the greatest consequence that 
the two motions shall coincide. 

In the use of the cylinder at any speed, the ques- 
tion of obtaining a positive motion, if there is no 
elasticity in the cord or the parts to which it is 
connected, is simply one of proportion between the 
momentum of the revolving parts and th^ strength 
of the spring by which this is resisted. ]tn this In- 
dicator these parts are made as light a» possible 
consistently with other requirements, land the 
spring is of such strength that they may |be reci- 
procated from 250 to 300 times per minute,fv "without 

\\ 
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any increase in the length of the diagram, and of 
course, therefore, without any error in the motion. 
There is no difference in the construction of these 
Indicators in this respect, it being intended that 
every instrument shall be applicable to any engine. 

• 

From what Points to derive the Motion. — This may 
be taken from any part of the engine which has a 
motion coincident with that of the piston. For a 
beam-engine a point on the beam, or beam-centre, 
or on the parallel-motion rods where these are em- 
ployed, will give the proper motion; but care must 
be taken that the cord be so led off, that when the 
engine is on the haK stroke it will be at right angles 
to whatever gives it motion (a requirement too 
often omitted) ; afterwards its direction of motion 
may be changed as required, always taking care, 
however, to use as few carrying puUeys as possible, 
and the shortest possible cord, which should be of 
linen, size No. 3 ; it should be weU stretched by 
suspending a weight to it for several days. 

In some cases it is most convenient to take the 
motion from a point on the end of the revolving 
shaft ; this is frequently the case on horizontal en- 
giues, working at high speeds, because then the 
motion does not need to be reduced. Exact accu- 
racy cannot be got in this way, however, without 
employing a moving slide, and connecting it with 
the pin in the end of the shaft by a rod or cord of 
Buch length that its angular vibration shall bo the 

2 
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same as that of the connecting-rod. This will be 
found generally a troublesome matter; and the en- 
gineer wiU probably prefer in most cases to disre- 
gard the error resulting from its omission — ^which 
is, that the motion of the paper will bo more near- 
ly equal at the two ends of the stroke, being slowe^ 
flian that of the piston at the one end, and faster 
at the other. The crank or pin fi-om which the 
cord receives its motion must be on its centre re- 
latively to the direction of the cord, whatever that 
direction may be, precisely when the crank of the 
engine is on its centre. If this requirement is not 
carefully attended to, the diagram will be woirth- 
less. 

Generally, on horizontal engines, the motion of 
the paper is taken from the cross-head. In an 
engine-room, a strip of board may be suspended 
from the ceiling, or carried off horizontally in such 
a manner as to permit it to swing backward and 
forward edgeways by the side of the guides, and 
motion may be given to it by a pin, secured firmly 
to the cross-head, and projecting through a slot in 
the board, in which it should fit nicely to prevent 
lost time on the centres. To save drilling and 
defacing the cross-head to insert a pin, we use a 
clamp made fast to the cross-head or some of its 
appendages by a set screw ; a projecting pin plays 
in a slot in the board, or if preferred, a short con- 
necting rod may be used to make the connection. 
The board must hang plumb when fihe piston is in 
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the middle of its stroke, or if horizontal at right 
angles. The cord may be connected to this 
strip of board at a point sufficiently near to its 
point of suspension to give the required reduction 
of motion for the paper, and must be led off in a 
horizontal direction, and then over one or more 
pulleys in any required direction to* the Indicator. 
At high speeds, however, puUeys should be avoided. 
On portable engines, the motion may be attained in 
the manner just described, the lever swinging from 
a pin supported in a standard about two feet in 
height, set on one of the guide-bars. 

On locomotives having outside connections, the 
motion must be taken from the cross-head. It is 
indispensably necessary to use only a short direct 
cord, free from elasticity, and connected to a point 
the motion of which is reduced from that of the 
cross-head by positive means. Care must be taken 
also so to proportion the parts employed for this 
purpose, that the poiut at which the cord is con- 
nected shall have a positive motion without any 
fling, a matter not by any means free from difficulty 
at 250 revolutions per minute. A rock-shaft, 
turning in bushings, supported by two angle iron 
standards, precisely over the mid-position of that 
point of the cross-head from which the motion is 
derived, affords perhaps the best means of redu- 
cing the motion. A long-arm is worked by the 
cross-head and a short-arm gives motion to the 
cord. The short-arm must be keyed in such a po- 
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sition that when the piston is in the middle of it3 
stroke it will stand at right angles with the direc- 
tion of the cord, whatever that may be. The di- 
rection of the cord may form any necessary angle 
with the horizontal line, but must be at right 
angles with the rock-shaft. 

On locomotives having inside connections, and 
a single pair of driving-wheels, where it is practi- 
cable, it will be found to be the better way to take 
the motion from a pin set in the end of the shaft, 
and to communicate it by a connecting-rod to a 
point convenient for attaching the cord. The parts 
should be all substantially made; the momentum of 
the connecting-rod will be perfectly resisted by the 
pin. 

On oscillating engines, the motion may be taken 
from the brasses at the end of the piston-rod. If 
the stroke is long, it is sometimes difficult to re- 
duce this motion to that required for the jDaper, and 
in such cases it is necessary to take the motion 
from an eccentric on the main shaft, to a point as 
near as possible to the trunnion, and thence to 
communicate it to the Indicator. In all these con- 
nections, it is of the first consequence that there be 
no lost time, which will require to be made up on 
every centre, and wiQ thus cause the paper to stand 
still while the piston is moving. 

Pulleys of different diameters on the same spin- 
dle have often been used as a means of reducingf 
tlie motion from that of the cross-head, but we do 



RICHARDS' STEAM-ENGINE INDICATOR. 29 

not recommend tliem ; at high speeds it is very 
difficult to make them answer. The experience of 
the careful operator will teach him to guard against 
the various causes of eiTor here mentioned, and 
others which will^arise in the great diversity of situ- 
ations in which the Indicator is used, and the 
effects of which are the more mischievous because 
often the diagram itself furnishes no means of de- 
tecting them. The mathematician will perceive 
that perfect accuracy of motion is attained by only 
a very few of the methods here suggested. Most 
of them are only approximately accurate, but they 
are the best which can be readily employed, and 
the errors which they involve are too slight to be 
of practical moment. For the professional engi- 
neer, of course, directions are unnecessary. 

m. HOW TO TAKE A DLVGRAM. 

To fix the Paper. — Take the outer cylinder off 
from the instrument, secure the lower edge of the 
paper, near the comer, by one spring, then bend 
the paper round the cyhnder, and insert the other 
corner between the springs. The paper should bo 
long enough to let each end project at least half an 
inch between the springs. Take the two project- 
ing ends with the thumb and finger, and draw the 
paper down, taking care that it lies quite smooth 
and tight, and that the corners come fairly together, 
and replace the cylinder. 
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To connect the Cord. — The Indicator having been 
attached, and the correct motion obtained for the 
drum, and the paper fixed, the next thing is to see 
that the cord is of the proper length to bring the 
diagram in its right place on the paper — ^that is, 
midway between the springs which hold the paper 
on the drum. In order to connect and disconnect 
readily, the short cord on the Indicator is furnished 
with a hook, and at the end of the cord coining 
from the engine, a running loop may be rove in a 
thin strip of metal, in the manner shown in the 
following cut, by w^hich it can be readily adjusted 




to the proper length, and taken up from time to 
time, as it may become stretched by use. On high- 
speed engines, it is as well, instead of using this, to 
adjust the cord and take up the stretching, as it 
takes place, by tying knots in the cord. If the cord 
becomes wet and shrinks, the knots may need to be 
untied, but this rarely happens. The length of the 
diagi-am drawn at high speeds should not exceed 
four and a half inches, to allow changes in the length 
of the cord to take place to some extent, without 
causing the drum to revolve to the limit of its mo- 
tion in either direction. On the other hand, the 
diagram should never be drawn shorter than is 
necessary for this purpose. 
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To take the Diagram, — ^Everything being in readi- 
ness, turn the key of the stopcock to a vertical po- 
sition, and let the piston of the Indicator i)lay for 
a few moments, while the instrument becomes 
warmed. Then turn the key horizontally to the 
position in which the communication is opened 
between the under side of the piston and the 
atmosphere, hook on the cord and draw the atmos- 
pheric line. Then turn the key back to its vertical 
position, and take the diagram. "When the key 
stands vertical, the communication with the cylin- 
der is wide open, and care should be observed that 
it does stand in that position whenever a diagram 
is taken, so that this communication shall not be in 
the least obstructed. 

To apply the pencil to the paper, take the end of 
the longer brass arm with the thumb and forefin- 
ger of the left hand, and touch the point as gently 
as possible, holding it during one revolution of the 
engine, or during several revolutions if desired. 
There is no spring to press the point to the paper, 
except for oscillating cylinders; the operator, after 
admitting the steam, waits as long as he pleases 
before taking the diagram, and touches the pencil 
to the paper as lightly as he chooses. Any one, by 
taking a little pains, will become enabled to per- 
form this operation with much delicacy. As the 
hand of the operator cannot follow the motions of 
an oscillating cylinder, it is necessary that the point 
be held to the paper by a light spring, and instru- 



32 RICHAEDS' STEAM-ENGINE INDICATOB. 

ments to be used on engines of this class are far- 
nislied with one accordingly. 

Diagrams should not be taken from an engine 
until some time after starting, so that the water 
condensed in warming the cylinder, etc., shall 
have passed away. "Water in the cylinder in ex- 
cess always distorts the diagram, and sometimes 
into very singular forms. The drip-cocks should 
be shut when diagrams are being taken, unless the 
boiler is priming. If when a new instrument is 
first applied the line should show a httle evidence 
of friction, let the piston continue in action for a 
short time, and this will disappear.* 

As soon as the diagram is taken, unhook the 
cord; the paper cylinder should not be kept in 
motion unnecessarily, it only wears out the spring, 
especially at high velocities. Then remove the 
paper, and minute on the back of it at once as 
many of the following particulars as you have the 
means of ascertaining, viz : — 

The date of taking the diagram, and scale of the 
Indicator. 



* Thus, by the motion of the pencil up and down, and the 
paper from right to left, and left to right, we transfer the 
pressure of the steam and vacuum (if there be any), and the 
movement of the piston to the paper, giving us a map or dia- 
gram of the action required to move the load at any and all 
points of the stroke, from which the power exerted may be 
computed and the condition of the internal action seen. 
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The engine from which the diagram is taken, 
which end, and which engine, if one of a pair. 

The length of the strote, the diameter of the 
cylinder, and the number of double strokes per 
minute. 

The size of the ports, the kind of valve employed, 
the lap and lead of the valve, and the exhaust lead. 

The amoxmt of the waste-room, in clearance and 
thoroughfares, adds to the length of the cylinder. 

The pressure of steam in the boiler, the diame- 
ter and length of the pipe, the size and position of 
the throttle (if any), and the point of cut-off. 

On a locomotive, the diameter of the driving- 
wheels, and the size of the blast orifice, the weight 
of the train, and the gradient, or curve. 

On a condensing-engine, the vacuum by the 
gauge, the kind of condenser employed, the quan- 
tity of water used for one stroke of the engine, its 
temperature and that of the discharge, the size of 
the air-pump and length of its stroke, whether 
single or double acting, and, if driven indepen- 
dently of the engine, the number of its strokes per 
minute, and the height of the barometer. 

The description of boiler used, the temperature 
of the feed-water, the consumption of fuel and of 
water per hour, and whether the boilers, pipes, and 
engine are protected from loss of heat by radiation, 
and if so to what extent. 

In addition to these, there are often special cir- 
cumstances which should be noted. 

2* 
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IV. HOW TO KEEP THE INDICATOR IN ORDER. 

m 

Having the attachments made; before we admit 
steam to the instrument, wo open the cocks and 
blow through the connections to clear them from 
any foreign matter, that it may not enter and 
injure the instruments. 

The Indicator will not continue to work well, un- 
less it is kept in good order. When used, it gene- 
rally becomes filled with water, which will rust and 
thus weaken the spring, and the steam often con- 
tains impurities and grit, a portion of which is 
lodged in it. After the Indicator has been used, 
and before putting it up, unscrew the cover of the 
cyhnder case, and draw off the upper ferule, with 
the j)encil movement and the piston and spring at- 
tached, empty the water from the cyhnder case, 
carefully clean and dry all the parts, and replace 
them, lubricating the cylinder with a few drops of 

oil which is entirely free from gum.* The cylin- 

< 

* The oil is very important; it shoiiklbe of tlio i^urcst kind, 
ireo from gum and all foreign matter. Tlio porpoise oil we 
have found to answer all the requirements ; it has wonderfal 
ability to resist the action of steam and "water. We have 
found the cylinder well lubricated after having taken a hun- 
dred diagrams. It has equal merit in preventing corrosion; 
hence it should bo used on the springs, piston-rod, and arms. 
It costs high, but a small bottle of it will, if properly used, 
last for years. It can be obtained of any first-class clock- 
maker or dealer in clock materials. 



\ 
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der is not to be removed from the case under any 
circumstances; the operation above directed gives 
complete access to it. 

Sometimes the surfaces of the piston and cyhndcr 
become scratched or roughened by impurities in 
tlie steam, which will be detected at once in the 
diagram by the unsteadiness of the line. If this 
shows the esdstenco of arly obstruction to the per- 
fectly free action of the Indicator, take the instru- 
ment apart, as for cleaning ; take out the two 
screws at the top of the piston-rod connecting it 
with the pencil movement, and unscrew the spring 
from the piston and the cover; then replace the 
piston in the cylinder, after clca,ning and lubri- 
cating them; screw on the cover to guide the stem, 
and rub the piston up and down in the cyhndcr, 
at the same time revolving the stem between the 
thumb and finger. The surfaces will quickly wear 
each other smooth ; no grinding or polishing 
material should be used; the piston should be taken 
out once or twice during the operation, and the 
surfaces cleaned. The XDiston, if dry, ought to drop 
perfectly free from every position. Before re- 
placing, hfb the levers, and let them fall, to see if 
their action also is entirely free. Then replace 
everything, taking care to screw the heads of the 
spring firmly up to the piston and cover. Before 
putting the piston in the cylinder, revolve it be- 
tween the thumb and finger, to ascertain if the 
pins connecting it with the pencil movement turn 
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quite smoothly in the ^oove at the end of the 
stem. The paper cyUnder requires to be lubri- 
cated occasionally with a drop or two of pure oil, 
applied at the end of the arbor, also the leading 
pulleys and the joints of the pencil movement. 

V. HOW TO CHANGE THE SPRINGS. 

The directions already given for taking the in- 
strument apart, for the purpose of smoothing the 
surfaces of the cylinder and piston, are sufficient 
also for changing the spring. Merely introduce 
another, instead of replacing the one removed. 
The lengths of the springs for the different scales 
are so proportioned to each other, that the pencil 
will always come to the proper position for drawing 
the atmospheric line. Be careful that the heads 
are screwed up firmly to the piston and cover. 

The spring, which gives reaction to the paper 
cylinder, is liable to break after considerable use, 
especially on engines running at high speeds ; 
for which reason this cylinder should never be left 
to run unnecessarily. When this happens, a new 
spring can be readily inserted, as follows. Set the 
Indicator on the engine; if there is no other con- 
venient means for holding it firmly, remove the 
cover of the spring case and the broken spring; 
then take out the screw, and remove the brass ring 
from the arbor. Screw the new spring to the 
brass ring, replace this on the arbor, and set the 
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screw firmly up to the head. Then coil the spring 
into the case, and hook the end on the rim ; see 
that it is coiled in the same direction with the cord. 
If the spring has not sufficient strength to keep the 
cord quite tight, another coil must be given to it, 
but it should not be coiled any tighter than is ne- 
cessary for this purpose. 



HOW TO ASCERTAIN THE POWER EXERTED BY 

THE ENGINE. 

The custom was introduced by "Watt, and has 
since been generally followed in England, to desig- 
nate the size of engines in measures of "horse 
power." "Watt ascertained by experiment that the 
power of London draught horses, exerted with ordi- 
nary continuance, was to lift 33,000 lbs. one foot in 
one minute, and this is now employed, wherever 
Enghsh measurements are used, as the unit of 
measurement of the actual power of steam engines. 

The Indicator furnishes one of the data for ascer- 
taining the power exerted by the steam-engine, 
namely, the mean or average pressure of steam 
during the stroke, on each square inch of the 
piston ; or, more accurately, the excess of pressure 
on the acting side of the piston to produce motion, 
over that on the opposite side to resist it. This 
being multiplied into the whole number of square 
inches, and the product by the mean or average 
speed of the piston, in feet per minute, gives the 
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total nr-iii.'>-;r of poirs.'!- of force acting through one 
fo'jL in a niinrtiv. vrhioli are called foot pouncls, and 
ov di.i.Iincr this bv oo.O'M). ^liich is the tinit for a 
hor>e pj.tTver. we obr^in the gross power of the 
engine in actual hor^e powers. 

In order to ascertain the i^p^Kftiiv power, how- 
ever, there must be deducted from this the friction 
of the engine, or the power required to drive the 
engine alone at the same speed, which, except in 
tho case of vessels with the wheels submerged, the 
Indicator generally enables us to ascertain ; and 
also the increase in this friction which arises when 
the resistance is being overcome, which the Indi- 
cator does not show. The amount of this latter is 
not f^fonerallv known with anv accui*acv : but we 
know that the percentage of loss from this cause 
diminishes as the size of the engine is enlarged, 
Ijccause the increase in the motion of the surfaces 
in contact is much slower than the increase in the 
area of the piston, and also that it varies according 
to the nature of the lubricating material employed, 
and tho degree of completeness attained in the 
Reparation of the surfaces by means of it. Five 
per cent, is usually allowed for this increase of 
friction; l)ut it may, in fact, bo considerably more 
or loss than this. On small engines, the friction- 
l^rako can Ijc applied, to show the amount of effec- 
tivo power exerted, and a comparison of this with 
tli(5 gi'oss ])ower, and with the friction of tho engine 
alone, as shown l)y tho Indicator, will exhibit tho 
inrrouso offriciion occasioned by OiiiiexoTiX. ^ysioxxx:^.^^ 
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of resistance, and sliow the ralue of difierent lubri- 
cants, and the utility of extended wearing surfaces. 
"We will now describe the mod6 of ascertaining 
from the diagram the mean pressures on the oppo- 
site sides of the piston, in condensing and in non- 
condensing engines. For this pui'pose, divide the 
diagram into any desired number of equal parts, 
by lines drawn perpendicular to the atmospheric 
line. Sometimes these divisions are made very 
numerous; but the usual practice is to make ten, 
which number is probably sufficient, unless great 
accuracy is desired, w^hen twenty divisions may bo 
made. A convenient instrument for facihtating 
this operation, saving time, and insuring accuracy, 
is furnished with these Indicators. It consists of a 
parallel ruler, of eleven bars of thin steel, and a 
small square. The perpendiculars arc first drawn 
by the square at each end of the diagram, when, 
the outer edge of bar No. 1 being brought to the 
beginning, and the inner edge of bar No. 11 to the 
termination of the stroke, the dividing lines are 
drawn with a sharp-pointed pencil. If twenty 
divisions are desired, the intermediate Hues for this 
purpose will also be readily drawn by means of 
thia instrument, points being first marked in the 
middle of the outer divisions. It is an excellent 
practice to divide the diagram also by lines drawn 
parallel with the atmospheric Hue, into equal 
divisions, each representing a certain number of 
pounds pressure, generally five or ten, and num- 
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bered on the margin according to the scale of the 
Indicator ; by which means the engineer is able to 
observe much more accurately the general nature 
of the diagram. The same instrument may be 
employed for this purpose. 

On diagrams from condensing engines, the line of 
perfect vacuum should be drawn at the bottom, 
and the Hne of the boiler pressure, as shown by the 
gauge, at the top.* The line of perfect vacuum 
varies in its distance from the atmospheric line, or, 
more correctly, the latter varies in its distance 
from the former, according to the pressure of the 
atmosphere, as shown by the barometer, from 
13 . 72 lbs. on the square inch when the mercury 
stands at 28 inches, to 15 . 19 lbs. when it stands at 
31 inches {vide Table 11.); and it should be drawn 
according to the fact, if this can be ascertained. 
The engineer should always have a good aneroid 
in his pocket. The pressure of the atmosphere is 
usually reckoned at 15 lbs., which, as a general rule, 
is too high, being correct only when the barometer 
stands at 30.6 inches; but the error is unimpor- 
tant, and it is very convenient to avoid the use of 
a fraction, and to say that 30 lbs., 45 lbs., 60 lbs., 

♦ "NVlien accuracy is reqmred, the steam-gauge should be 
tested by the Indicator, which may be done by stopping tlie 
engine on the centre, opening the steam-valve, and letting 
the full pressure on the instrument; when the indications of 
the two instruments may be compared and noted. 
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and so on, represent 2, 3, 4, 5, G atmospheres of 
pressure. 

The principal object of knowing the exact pres- 
sure of the atmosphere is, to ascertain the duty 
performed by the condenser and air-pump. The 
temperature of the discharge being known, the 
pressure of yapor inseparable from that tempera- 
ture is also known {vide Table No. in.), and this 
being deducted from the actual pressure of the 
atmosphere, the remainder is the total attainable 
"vacuum at that temperature. 

The areas of the diagram above and below the 
atmospheric line are usually calculated separately, 
to ascertain how effectually the resistance of the 
atmosphere is removed from the non-acting side of 
the piston, by those parts of the engine whose func- 
tion this is. In case of engines working very ex- 
pansively, however, the expansion curve crosses 
the atmospheric line, and sometimes at an early 
point of the stroke, as in diagram No. 10. In such 
cases, the whole space between the atmospheric 
line and the line of counter-pressure should bo 
credited to the condenser and air-pump ; not, of 
course, to be considered in estimating the power 
exerted, but for ascertaining the degree of economy 
in the consumption of steam, which depends greatly 
on the amount of vacuum maintained. 

The lines having been accurately drawn as above 
directed, ascertain, by careful measurement with 
the scale, the mean pressure in each division, be- 
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tweeu the atmospheric line and the upper line of 
the diagram, until this crosses the former, if it does 
so; add these together, and point off one place cf 
decimals, or divide their sum by the number of 
divisions, if there are more than 10, and the quo- 
tient will be the mean pressure above the atmos- 
phere during the stroke. Then repeat the process 
for the area between the atmospheric line, or the 
expansion curve after it has crossed this line, and 
the lower outline of the diagram. Add the two 
mean pressures so ascertained together, then find 
in Table No. I. the number of square inches in the 
surface of the piston, if you know the diameter, 
and multiply the pressure on one square inch by 
the number of square inches, and the product by 
the mean velocity of the piston, in feet per minute, 
and divide by 33,000, and the quotient will be the 
gross amount of horse-power exerted ; or the 
power represented by the two areas of the dia- 
gram, above and below the atmospheric line, may 

be calculated separately. 

[Since the publication of the First Edition, my attention 
lias been called to an improved method of measuring the dia- 
gram which is more expeditious and less liabiUty to eiTor. ] 

Thus, your diagram is divided into equal parts as 
visual — say 10. Now, we take a narrow slip of paper, 
or what is better, card-board that is thin and smooth; 
this we x)laco across the diagram as we would the 
scale, letting the end of it be exactly over the base 
hne ; then with a sharp-pointed knife j)rick the slip 
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exactly over tlio line opposite llio base (stcMin-liiie), 
advance tlie slip to the next division, and carrying 
the j)oint made by the knife to the base lino, tli'ai 
remove the knife and make another prick ex;ic*tly 
o^er the line opposite. Ilepeat tlie movement nntil 
you have measured each space ; then make a mark 
with your pencil. Now, with a riilo, you measure 
the distance from the end of the slip to your pencil 
mark ; we will assume that it is GJ inches. Now, as 
you have measured 10 spaces, to get the avera^L^^o, we 
divide it by 10 ; thus, GJ expressed decimally is 0.25. 
This, divided by 10, is equal to .G25. 

Now the scale of the diagram we will assume to bo 
40 to one inch. We then inuKiply .(525 l)y tlie scale, 
wMch "we have assumed to be 40, and wo get the fol- 
lowing result as an average pressure i^cr s(f.iaro incli : 

.G25 
40 

25.0v)0 lbs. i)rcssure. 
Expressed in arithmetical signs, it is 

6.25 -T- 10 = .G25 X 40 = 25.000. 
Should there be more or less than 10 divisions of 
the diagram, divide by the number, whatever it is. 
Should the scale of the instrument be other than 40, 
then multiply by the number, whatever it may be. 

This mode is much less liable to error than the 
ordinary mode ; in fact, it reduces the liabiUty as t(ii 
to one. It is more expeditious, iu so much as it save 
the additions of a long column of ligurcs. 

The space between the steam line and the line c 
boiler pressure shows how rav\c\\ Vhc^ ^rt^.^'sos:^ 
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reducecl in the cylinder by throttling', or by t 
sufficient ai-ea of the ports, proper allowance b 
made for the difference of pressure necessai 
give the rapid motion to the st«am, i 
twcen the lino of counter-pressure and the li 
perfect yaciium shows the amount of i 
the motion of the piston. 

In illustration of the foregoing direetiona, 1 
be reqnii-ed to find the effective power c 
the pair of engines, from the upper end of C 
which diagram No. 1 was taken, the dianaete 
cylinder being 95", the stroke of the piston 1 
the number of revolutions 15 per minute. W8J| 
asaumo that the other engine would have | 
Bflme diagram, which ia poasibly correct, and ^ 
that the lower ends of the cylinders would ^ 
given the same, which is probably quite 
because in side-leverj or beam engines, the spet 
the piston at the lower end is slower, and t 
probably the pressure obtained is greater, 1 
the upper end, the motion of the valves bei 



The averagQ vacttuic was 

Total Bsoeaa of preBEnra nbove the reEiatnnce was. 

The better mode of caJcnlation in all c; 
obtain first the number of horse-powers for 1 Ij 
mean pressure on the square inch, as follows ; 
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Multiply the number of square inches in the 

surlace of the piston 7088 . 2 

By the speed of the piston in feet per minute . 300 



33.(000)2126(460.0(64.44 
198 

146 
132 



144 
132^ 

126 

Which is the number of horse-powers exerted, for 
each pound of pressure during the stroke on 1 square 
inch of the piston 64.44 

To obtain the gross power we multiply this by the 

avei*age pressuie per square inch on the piston 21 .28 

51552 
12888 
6444 
12888 



Gross horse-powers exerted in one engine 1371 .2832 

To obtain the effective power we must ab- 
stract from the multipUer 21 . 28 lbs. 

The pressure required to run the engine 
alone, which in so large an engine 
would probably not exceed 1 . 00 lb. 

And the mcrease in this pressure required 
to overcome the increased friction when 
the resistance is being overcome, say 5 

per cent =1.06 " 

2.06 lbs. 

Effective pressure on each square inch .... 11; . 22 " 

"Which multipUed by 64.44 

7688 
7688 
7688 
11532 



Gives amount of effective horse-power ... 1238.5368 

Which multiplied by 2 

Gives 2,477.0 horse- 
power as the effective power of the engmes. 



^^ Richards' steam-engine indicator. 

It will be observed that, by the above mode of 
calculation, we obtain for any engine, the speed of 
piston continuing the same, a constant number, 
which, multiphed by the mean pressure on a square 
inch, gives at once the amount of horse-power 
exerted at any time. 

On diagrams from non-condensing engines, the line 
of boiler pressure should be drawn at the top, and 
it is well to draw the line of perfect vacuum also, 
that the engineer may be able to see at a glance the 
quantity of steam consumed, and to compare with 
it the amount of work done. It is not possible that 
the back pressure resisting the motion of the piston 
shall be less than the pressure of the atmosphere, 
but it may be a great deal more, and very commonly 
in non-condensing engines the Hne of resistance is 
as much as 2 or 3 lbs. above the atmospheric line, 
though it is quite possible to avoid this excess 
altogether, as is shown in diagrams Nos. 6 and 9. 

The moan pressure is ascertained in the manner 
already directed for obtaining the pressure in con- 
densing engines above the atmosiDhcric Hne, and 
the power is calculated in the same way. 

For example, let it be required to find the effec- 
tive power exerted by the engine from which 
diagram No. G was taken, the diameter of the cyl- 
inder being 18", the stroke of the piston 42", and 
the number of revolutions 60 per minute — 
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The mean pressure of steam during the 

stroke, above the resistance of the at- 

mosxjhere, was 25 lbs. 

From this we must subtract the pressure 

j:equired to run the engine alone, say. . 1.75 lbs. 
And the increase of pressure required to 

overcome the increased friction when 

the load is on, estimated at 5 per cent. . 1.25 " 

3 lbs. 

Leaving effective pressure 22 '* 

The area of the piston is 254. 5 scpiai-o inches, 

Which, multiplied by the velocity of 

the piston 420 feet per minute, 

50000 
10180 

And divided by 33.(000)100' 890.0(3.24 

99 

78 
GO 

129 

132 
Gives 3.24 horse-powers, for 

each pound of pressure on 

1 square inch during the 

stroke 3.24 liorsc-powers, 

Multiplied by 22 lbs. pressure, 

648 
048 

Gives. . 71 .28 effective horse-powers, 

assuming the pressure on the opposite side of the 
piston to have been the same. 
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In tlie aamo maiiDer, on stationary engines, the 
power ahown bj tlie frictional diagrams can be 
cSlcnIated, and by diagrama taken when the shaft- 
ing only ia being driven, and when greater or lesser 
proportions ol the whole resistance are being over- 
come, and on Teasels at different depths of immee- 

Generally, engines will give the same fignrea at 
each revolution, the pencil retracing the aamo line 
ao long as the reaiatance continues the same ; bat 
aometimea this is not the caae, aa in the engine 
from which the diagram juat calculated was taken, 
where are shown four distinct expansion curves. 
In siich cases care must be taken to obtain tfae 
average diagram. Also, in eompaiing the pressures 
required to overcome different resistancea, it is es- 
sential that the speed of the engine in each case be 
the same, a requirement often disregarded. 

In all calculations of power from the diagrani, it 
is assumed, and correctly so, that the value of each 
unit of motion of the piston is the same, whether 
measured at the extremes or in the middle of the 
stroke. The motion of the crank should be tmi- 
lonn; and if this is the case, the divisions of thd 
time occupied in a revolution can be accurateity 
measured on the ch-cle which it describes. The 
motion of the piston, on the contrary, changes at 
every point of the stroke. At the instant when tlie 
crank is on the centre it is at rest; then its speed, 
at first infinitely slow, becomes gradually acc^er- 
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ated, until, at the point where the direction of mo- 
tion of the piston and that of the crank-pin coin- 
cides, the velocities of the two are equal, and for 
some distance before reaching and after passing 
this j)oint they differ but little ; then its motion is 
gradually retarded, until on the opposite centre it 
is at rest again. 



TO MEASUKE FKOM THE DIAGRAM THE AMOUNT 

OF STEAM CONSUMED. 

For this purpose, draw the line of perfect vacu- 
um, if not precisely known, at 14.7 lbs. below the 
atmospheric line. Ascertain how much the clear- 
ance and the thoroughfare add to the length of the 
cylinder at one end, and add a proportionate quan- 
tity to the length of the diagram by a line drawn 
perpendicular to the atmospheric line, at the proper 
distance from the admission line. Then ascertain 
the point in the stroke at which the steam is 
released, and the pressure in the cylinder at that 
point. Multiply this pressure, reckoned from the 
line of perfect vacuum (and which must be taken 
before the exhaust-port has been opened), by the 
sectional area of the cylinder in square inches, and 
the product by the length of the stroke in inches. 
Tip to the point at which the steam was released, 
and including the addition for the clearance and 
thoroughfare, and divide by 14.7, and the quotient 
will be the number of cubic inches of steam, at the 
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pressure of the atmosphere, discharged from the 
cylinder at a single stroke. If the valves do not 
leak, and there is no water with the steam, the cubic 
contents of the cylinder multiplied by the pressure, 
at the point of cut-off, should equal the cubic con- 
tents multiplied by the pressure, at the point of 
release, and in a compound engine the cubic con- 
tents of each cylinder multiplied by the pressure, 
at the point of release, should give the same result. 
Multiply this by the number of strokes in an hour, 
and divide the product by 1728 to reduce the cubic 
inches to cubic feet, and the quotient again by 1700, 
to reduce the steam at atmospheric pressui e to 
water, and the result will be the number of cubic 
feet of water used per hour; multiply this by C2.5 
for pounds, and divide the product by 8.33 lbs. for 
wine gallons. The supply of water to the boilers 
will need to be greater than the quantity thus ascer- 
tained, and the excess required will measure the 
aggregate loss from all causes, including leakage, 
priming, blowing off, and radiation from the cylin- 
der and pipes where the water of condensation does 
not flow back into the boiler. It is essential, of 
course, that the diagram measured shall represent 
the uniform power exerted, or the mean power, if 
it is subject to variations. 

The detection in this manner of losses of heat, 
from occult causes, is one of the most remarkable 
and important services which have been rendered by 
the Iiidicator. It has been proved in some cases 



o 
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tliat nearly or quite twice the volume of steam 
must have entered the cylinder at every opening 
of the ports, either in the form of steam or of water 
already condensed, that existed in the form of 
steam at the point of cut-off. The field here pre- 
sented is one of the most useful in which the Indi- 
cater can be employed. 

OBSEKVATIONS ON THE SEVERAL LIKES OF THE 

DIAGRAM. 

In order to pohit out clearly the principal points 
of excellence and defect in the action of engines, 
•which are made known by the Indicator, it will be 
best to consider each Hne of the diagram separately, 
beginning at the commencement of the stroke. 

I. THE ADMISSION-LINE. 

At low pressures of steam this line may be very 
nearly vertical, especially when the opening of the 
ports is preceded by considerable compression of 
the steam in the cylinder, as in diagram No. 1. 
Diagram No. 13, also taken from a celebrated 
steamship, shows a more gradual opening, but not 
preceded by any compression. At high pressures 
it is important to avoid the shock of the full force 
of the steam on the centre, especially when there 
has been no compression. Diagrams Nos. 6 and 7, 
from non-condensing engines, show a moderate 
advance of the piston, and, the former especially. 
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considerable movement of tlie crank, while the pres- 
sure was being attained in the cylinder, the latter 
with and the former without precedent compres- 
sion. These are all excellent admission-lines. 

The direction of this line is determined by the 
amount of lead given to the valve, for which no 
general rule can be laid down. It depends upon 
the speed of the piston, the proportion between the 
area of the ports and that of the cylinder, the 
rapidity or slowness of the opening movement, and 
the density of the steam already in the cylinder at 
the instant of opening. The proper lead can be 
ascertained only by the application of the Indica- 
tor. Without its assistance the best judgement is 
liable to err in a case presenting novel conditions. 
By the best judgment is meant a judgment formed 
by careful comparison of the lead given with the 
admission-line drawn by the Indicator, in a wide 
diversity of cases. 

n. THE STEAM-LINE. 

Here we find engines divided into four classes, 
namely — 

1. Those in which the valves have an invariable 
motion, without any or with only very trifling lap, 
causing the port to remain open, or, technically, 
the steam to follow the piston, quite or nearly to 
the end of the stroke. 
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2. Those in wliicli the valves have also an in- 
variable motion, but with more or less lap, causing 
the steam to be cufc off at a certain fixed point of 
the stroke. 

3. Those in which the point of cut-off may be 
varied by hand, either by means of the link motion 
or of an independent cut-off gear; and, 

4. Those in which the point of cut-off is adjusted 
by the action of the governor, according to the 
changes either in the pressure of steam or the re- 
sistance to be overcome. 

In the first two classes, when less than the full 
pressure is required in the cyUnder, the governor 
or the engineer adj.usts the pressure by changing 
the position of the regulating valve. In the third 
class the regulating valve may be employed for this 
purpose, but the more usual and better way is to 
run such engines with this valve entirely open, and 
to adjust the mean pressure in the cylinder by 
changing the point of cut-off. Engines of the fourth 
class have no regulating valve, but the full attain- 
able pressure of steam is admitted to the cylinder. 

The action of the regulating valve varies the po- 
sition of the steam line upward or downward, to 
that distance from the atmospheric line which gives 
the mean pressure required. The action of the 
cut-off gear, on the contrary, varies its length for 
the same purpose. In engines in which the steam 
follows to the end, of nearly to the end, of the 
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stroke, and indeed in all cases where the pressure 
is reduced between the boiler and cylinder by the 
action of the regulating valve, it is a matter of very 
little interest what the steam-line may be. Not 
only its distance from the atmospheric line, but 
also its direction, is changed by every change in 
the xDOsition of the regulating valve, so that it is 
not at all a fit subject for consideration. 

In engines which have no regulating valve, or 
where it is not employed, as in marine engines ex- 
cept in rough weather, the steam-liDe should ap- 
proach nearly to the line of boiler pressure, and 
should be parallel with this line up to the point of 
release or cut-off. Diagrams Nos. 1, 6, 8, 9, afford 
examples of correct steam-lines, except that in No. 
1 it is not continued parallel nearly up to the point 
of cut-off. Diagram No. 10 shows a slight fall of 
the steam-lino as the piston advanced, but the 
point of cut-off is well shown. Diagram No. 12 
from a marine condensing engine, at 336 feet travel 
of piston per minute; and Nos. 2, 3, 4, and 5, from 
ft locomotive, at 730, 820, and 950 feet travel of pis- 
ton par minute, afford, on the contrary, examples 
of bad steam-lines. The boiler pressure is very near- 
ly attained at the commencement of the stroke, in 
the first case, by lead given to the valve, and in 
others by lead superadded to excessive compres- 
sion ; but as the piston advances, the pressure falls 
with great rapidity, and the point at which the 
poi't WHS closed there is no means of discovering. 
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In all these eases the passage of steam to the valve- 
cliamber was entirely unimpeded. Diagrams Nos. 
15 and 16 are good admission and steam lines. 
Liocomotive diagrams Nos. 19, 20, and 21, are re- 
markably good steam and admission lines. In No. 
22, steam-line falls off slightly. The nature of 
the steam-line depends principally on the propor- 
tion between the area of the ports, supposing them 
to be, as they ought, the smallest passages through 
-wliich the steam is taken, and the cubical capacity 
of cylinder to be filled in a given time. A given 
cubical capacity may bo formed in the same time 
by the slow advance of the piston in a larger cyhn- 
der, or by its more rapid advance in a smaller one. 
The sectional area of cylinder and the speed of the 
piston must be equally considered in determining 
the area of the ^wrts, as they are equal elements in 
determining the capacity of cylinder to be fiUed. 

"While, therefore, very high velocity of piston 
does not render impossible the attaining of a cor- 
rect steam-line, still the size of port required for 
this purpose becomes so considerable, and the 
amount of power absorbed in working the valves, 
under the pressure which is generally associated 
with high speed of piston, is already so serious, that 
with the present form of valve in use — on locomo- 
tives, for example — it is better probably to submit 
to the defect at high velocities, than to attempt to 
mend it by enlargement. Improvement in this fea- 
ture can be looked for only from a radical change 
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in the valves and movements. It should be ob- 
served, however, that the velocity of piston at 
which diagrams Nos. 7 and 8 were drawn was 600 
feet per minute. Another cause often contributes 
largely to injure the steam-line, especially in con- 
densing engines — namely, t'he condensation of the 
steam on entering the cylinder ; and to this the 
enormous fall of pressure in diagram No. 11 must 
undoubtedly be in part attributed, the smallness 
of the ports not beiag sufficient to account for it. 

There is obviously a point beyond which expan- 
sion can not be advantageously carried, because it 
is possible to cut the steam off so early that even 
with the highest pressure the engine will not per- 
form any duty at all, but only run itself. Of course 
the power absorbed in running the engine should 
be only a small percentage of the gross power ex- 
erted. But there is also another limitation. The 
loss of heat by radiation and conduction, external 
and internal, is far greater than was till lately gen- 
erally supposed. It is possible to protect pretty 
thoroughly against external radiation ; but against 
internal radiation, which is so much greater than 
the other, as the capacity for heat of the exhaust 
steam, at the density it may have, is greater than 
that of the atmosphere, it is not possible to protect 
at all, and the earlier the steam is cut off, the 
greater is the proportionate time during which the 
exposed surfaces are being cooled, and the smaller 
the quantity of steam admitted from which they 
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must be warmed again.* The phenomenon of a 
idgher terminal pressure, in cyHnders working 
steam expansively, than the law of the gases could 
account for, was generally explained, until quite re- 
cently, by supposing that the valves leaked ; but 
■when it was found to be universal, and to be most 
remarkable where the steam was most charged 
with moisture, thoughtful men were not long in de- 
tecting the true cause. The temperature of this 
moisture, as it enters the cylinder, is the same as 
that of the steam, and being in great part relieved 
from pressure by the expansion, it will instantly 
assume the gaseous form, provided the heat, which 
must be rendered latent on its change of state, is 
furnished. This is abstracted from the surfaces 
with which the particles of moisture come in con- 
tact, and the excess of terminal pressure above 
that which should exist measures the heat thus 
lost, and which must bo regained at the commence- 
ment of the next stroke from the entering steam. 
If the steam enters the cylinder nearly dry, this 
process, when the cylinder becomes heated, soon 
reaches a very moderate point, as is illustrated in 
diagram No. 6, where the theoretical curve is closely 
approximated to. Diagrams No. 7 and 8, on the 



* The recent experiments of Professor Tyndall reveal the 
astounding fact, that the power of aqueous vapor, at the 
pressure of the atmosphere, to absorb heat, is 6,000 times 
greater than that of dry air. 
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j; r ' .; .. ' j r-r , 'j*/j } J ^'i ^.^lit of tlic; t-ermiiial pressure, 
^j'l ///li bv i}j'; J/j']jcator, above that wliicli the 
of '.I Kn'Ab; arj'l tljrj law of contraction of gases bj 
/; / /'i;j'^ '''til for, aff'irds Korne indication of the 
ti'f II V.ihi f'jkn'/i. If the curve drawn could 
wiU) i)j«j r'j^iuirfjmonlH of those laws, there would 
])(i (h;ni<)r\Hini\Ay no loss at all ; but this is not at- 
iuiiifilil'?. IrMbjf^'l, tho hi;(hor temperature of the 
v.yWudrr woiiM ])r()bably affect sensibly the faU of 
pi'PM uini, <5V(!ii if tlie Htoam was perfectly anhydrous. 
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orl«'«l |nMM»min;v;n'o;ii,iM\ WlioMu^r the employment 
oMwo I'Nliihlor.i onahUvi Ihin lv)ss to bo avoided to 

■ 

11. firo;»|,M'o\loMl Ih.'Ui il oin b.^ iu a single cylinder, 
nmil i\\ prowonl bo ro;;'j\riKHl as tni open question, 
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and is one the discussion of wliicli is foreign to the 
parj)osc of this work. 

To expand steam properly, it is essential that it 
1)3 cut off instantaneously — ^that is, that the port 
filiall be closed so quickly, that the pressure shall 
not fall in the cylinder, from the advance of the 
piston during the operation of closing. This Indi- 
cator enables us to pronounce uneiTingly upon the 
value of every means which is employed to effect 
this object. 

Diagram No. 6 shows unquestionably the closest 
approximation to this requirement. It was t«ikcn 
from an engine in the city of New York, of the cel- 
ebrated style known as the Corliss Engine, which 
is extensively used in the eastern part of the Uni- 
tecl States for stationary purposes. The speed of 
piston of this engine was 420 feet per minute. 

Diagrams 9 and 13 show the cut-off made by the 
Sickels valve-gear, also in extensive use in the 
United States, especially on boats and vessels. No. 
9 "Was taken from a non-condensLn<? stationarv en- 
gine, making 30 revolutions per minute, and No. 
13 from the engines of a steamship at IG revolu- 
tions per minute. It is hardly necessary to add 
that these were not taken with the Richards Indi- 
cator. The theoretical expansion curves cannot 
be drawn on either of these diagrams, because the 
amount of waste room, which is considerable, from 
the nature of the valves employed, is not known. 



TLr 5T>rr i rf T^LstoE. in eaeh was aboat 300 ft 
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«3>rr-i :: ri>::n of •>>!» feet per minnte. Th 
snre frll s .-•niv'wjLiit a: this great speel, as il 
inj mi'Tciiirr.: of t2ie valve was being com 
jrivin;! a ro:inirl corner. la Diasrram Xo 
finl the exT>az?i?n curre ebanired to a wa^-ii 
The liressoi'e of s::?.iii was removed from t 
t.->n of the Iiilioat^r with such extreme sitdci 
that the reaction of the spring was neecssar 
lent; bat the ronnl^-vl, dewing nature of th 
lations show the action oi the instrument 1 
been friotionless. and these <rradtiallv subsif 
the correct curve, which the mean of the oscl 
gives throughout, as shown. Diagram ]J 
from the engines of a steamship, shows V( 
perior action of the cut-off gear. 

The vice which is the opposite of this 
lence is technicallv termed wiredrawing?, ar 
Bists in a gradual fall of pressiu'o in the c;^ 
while the port is being closed. It is illustrj 
various degrees in several of these dia!:rrams 
a source of serious loss. The object of cut 
is, to obtain the greatest mean pressure w 
lowest terminal pressure, and it is clear t 
sharper the cut-off the more completely this 
is attained. For example, in diagram Xo. 
steam expands to a pressure of 17 lbs. at th 
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of release, and a mean i)ressuro of 21.28 lbs. is 
exerted during the stroke ; had it been cut off 
sharply at the point c, it would have expanded to a 
pressure of 9 lbs. at the point of release, describing 
the curve c g, and would have exerted a mean pres- 
sure of 15.87 lbs. But 21.28 : 15.87 : : 17 : 12.07. 
The gain of steam from cutting off sharply would 
be then 12.67 - 9=3.67 lbs., or 29 per cent. But 
this is by no means the full amount of the gain, for 
so much less steam being to condense, 1 lb. better 
vacuum at least would have been formed, and the 
boilers would easily have maintained a pressure 5 
lbs. higher, with much more moderated firing ; so 
that the full mean pressure of 21.28 lbs. would have 
been obtained by cutting off at the point c, and 
expanding to a terminal pressure of 10.5 lbs., a gain 
of 65 lbs., or 38 per cent., and improvements equal 
to this have by this single means been often real- 
ized in practice. The slide-valve in its best form 
Redraws the steam considerably, unless a great 
travel is given to it; the vicious practice of making 
the end V-shaped of course raises the loss from this 
cause to the very highest point. 

Diagram No. 14 shows the action of a single 
slide-valve with a serrated end, expressly contrived 
to wiredraw the steam as much more than it can be 
vith the ordinary slide as possible. 

The mean pressure for different points of cut-off, 
mjy be found by 
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IIYIIOIEOLICAL LGGAniTHaiS. 

]luLL. — Divido the lengtli of the sti-oke byfltf 
length of the space into which the steam is admit 
ted; lincl in Table No. IV. the logarithm of & 
nunibor nearest to the quotient, to which add 1, tin 
sum is the ratio of the gain; then find the tenniM 
pressure, by dividing the initial pressure by ^ 
proportion of the stroke during which the steam i 
admitted, and multiply it by the logarithm -f 
fouiid as above; the product will be the mean pre 
siu-e through the stroke. 

ExA^iPLE. — Suppose the length of the stroke 
bo 48 inches, the initial pressure to be 40 lbs. J 
square inch, and the steam to be cut off at 12 ind 
of the stroke, what will be the mean pressurt? 

48-^-12=4. Hyp. log. of 4=1.38629+1=2.386 

Then, 40 -^ 4 = 10 X 2.38629 = 23.8629 lbs., 
mean pressure required. 

To find the initial pressure, add the atmospb 
pressure, 15 lbs., to the pressure shown by the ga' 
and from the mean pressure found as above i 
tract the counter-pressure, to ascertain the ac 
mean pressure exerted. Thus, in the above ( 
the gauge is supposed to show a pressure of 25 
only, and if the calculation is being made for a 
densing engine, the estimated loss from impei 
vacuum must be subtracted, and if for a non- 

m 

densing engine, the pressure of the atmospl 
and als^ •^'mated counter-pressure above i 
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mxist be subtracted from 23.8629, the mean prej?sure 
found by the calculation. 

The editor remarks that the above rule requires 
a little qualification, to be considered correct. If 
the diagram shows the cut-off at ^ of the stroke, it 
does not follow that | is the grade of expansion, be- 
cause the clearance has not been taken into account. 

Example. — Suppose the length of the stroke to 
be 36''; initial pressure, to be 50 lbs. per square 
inch, and the steam to be cut off at 9" of the stroke, 
wliat will be the average pressui*e ? 

36^9=4. Hyp. Log. of 4=1. 38629-f 1=2.38629. 
riien 50-r4=12.5X 2.38=29.75, mean pressure 
required. This is correct without taking the clear- 
ance into account. 

Kow, let us see what the result is, when we add 
tlie clearance in the following examples ; which is 
^^ actual case occuring in my practice during the 
week in which this was written. 

Engine 36" strokeX14" diameter, cutting off at J 
(9") ; initial pressure 50 lbs. to the square inch ; 
revolutions per minute, 80 ; clearance equal to -^ 
of the cubical contents of the part of the cylinder 
occupied by the piston stroke ; or what is the same 
^ing, -^ of the stroke, which is equal to 1.64", 
added to 9", the point of cut-off, is 10.64" ; which 
^ing divided by the length of the stroke, gives us 
^ a quotient 3.39, with a mean pressure of 32.59 
lbs., as calculated by the above rule, adding the 
clearance. 
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Computing it by the same rule, without taking 
account of the clearance, the average pressure is 
29.75 lbs. The result stands thus, computing with 

the clearance added 73.00 H. P. 

Without the clearance 66.64 " " 

Difference 6.36 

In using Table No. V., the clearance must be 
added to get the correct mean pressure. 



IV. THE EXHAUST LINE AND THE LINE OP COUNTEB- 

PRESSUEE 

may properly be considered together. It is, of 
course, desirable that the pressure of the steam be 
got rid of as completely as possible before the 
piston commences its return stroke. This is 
accomplished in a non-condensing engine by having 
the exliaust port and passages sujfficiently large, and 
opening the port a sufficient time before the termi- 
nation of the stroke, according to the density of the 
steam to be released and the velocity of the piston. 
The passages and pipes communicating with the 
atmosphere should be at least 50 per cent, larger 
than the ports, and as free from angles as possible. 

These requirements apply to condensing engines 
even more strongly, and in addition the condenser 
and air-jDump must be able to maintain a proper 
vacuum. 

Diagi-ams Nos. 6 and 9 show no back-pressui*e at 



B1CHARD3 STEAM-ENGINE INDICATOR, 65 

all above the atmosphere ; diagrams Nos. 7 and 8 
show a trifling back-pressijrc, attributable to the 
nmnber of angles in the pipe necessary for connect- 
ing with the exhaust main at the Exhibition, 

Diagram No. 10 exhibits remarkable exhaust and 
eounffir-pressure hues, obtained by a surface con- 
denser, while ^o, 13 shows a great loss of power 
from imperfect vacuum, which was very partial at 
the beet, and that only gradually obtained. 

V. THE COMPKESSION-LINE. H 

This line, when it exists, is formed by the closing 
of the eslmustport at some point before the termi- 
nfltion of the stroke, when the advancing piston 
compresses the confined steam to a density propor- 
tioned to the decrease of volume. This is illustrated 
in various degrees in several of the diagrams here 
shown. This action occasions a loss of power, but 
not much waste of steam, because the confined 
steam reacts on tlie return stroke with a force equal 
to that expended to compress it. It is useful on 
engines running at high velocities, by taking up 
gradually all looseness of the joints, and prevent- 
ing the entire force of the eteam from striking 
enddenly on the piston. Indeed, bo important is 
the compression in preventing shocks on the centres 
in engines of this class, that probably locomotives 
could not be safely run without it. At the same 
-time, the nature of the valve and gear employed on 
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Diagram No. 12, not taken by the RieLirds Indi- 
cator, shows the usoal form of diagram ii^L-ir: Iv \he 
double opening slide-Talves now in genf-ral usc on 
marine engines, with an independent cTit-oS" viave. 
It mil be observed, that the steam line is well L::.aiii- 
tained until the cut-off valve commences to clos^-, 
when the pressure falls in an increasing ratio, prolj- 
ably to about the pressure indicated by the dots at 
the exact distance of closing. 

In the preparation of this paper, and in the 
selection of diagrams for its illustration, its object 
has been carefully kept in view, and while it is 
hoped that nothing has been omitted which is 
essential to guide one before unacquainted \\-ith the 
Indicator in learning how to employ it cori-ectly 
and intelligently, care has been taken to introduce 
only those topics, and to consider these, only to 
that extent which seemed to be necessary- for this 
purpose. 

THE THEOKETIC CUKVE AND ITS USES. 

"When we wish to know the condition of the 
internal working of an engine fi*om a diagram we 
have taken from it, wc make a perfect diagi'am 

worn out; heating, straining, and thnmping, with all their 
concomitant evils, are daily caused by excessive steam load ; 
while, by compressing, the piston meets the thin elastic vapor 
remaining in the cylinder without a shock. It is tochuioally 
called *' cushioning," a most appiopriate term. 
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around it so we muy compare the one vdOi 
otlier. 

To do this : Pirst, we ascertain the clen 
between the piston and cover, also the areas o 
porta and passage-ways clear back to the ^ 
both steam and exhaust, if they be separate. 

This we reduce to cubic inches ; we then g 
cubic inches of the cylinder, or that part of it 4 
pied by the stroke. Suppose the cylinder to bel 
diameter, and 36" stroke, it will contain 454lI 
cubic inches. Now, then, suppose our clearance ia 
206.44 cubic inches; this being divided into the 
contents of the stroke part of the cyliuder, 4341.94, 
giyes us 22, or is Jj part of it. Vie then add to the 
eteani end of our diagram -^ part of its length. 
"We then di-aw the line of perfect vacuum, whether 
it is a condensing engine or not. Then we space 
the whole in ten or more equal divisions, and erect 
lines (ordinatea) on these spaces at right angles to 
our vacuum line, as shown in diagram No. 0. 

We will suppose we have 100 lbs. from A to B, 
Diagram No. 0, measuring fi-om the lino A. E, and 
wa cut off at C, which is t^ of J ; by tho law of expan- 
sion we should find (having expanded tho steam f) 
the terminal pressure to be ^ of the prosstu'e at 0, 
the steam having expanded, J of the whole diagram. 
To find the point where the true curve should bisect 
the ordinates, wo have numbered them from one to 
ten. "We find the steam is cut off at 2, the next 
ordinate is 3, this being ^ tho length of 2 ; henc^ 
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we use 2 for the numerator and 3 for tlie denom- 
inator, and so on to the end, using for tlio numera- 
tor the number of the ordinate where the steam is 
cut off, and for a denominator the number of the 
ordinate whose length we seek. 

It often happens in spacing our diagrams that 
we can't find a space that will come right in both 
divisions of "the diagram. In that case wo space 
the parts from B to C into equal spaces, say from 
J" to I" each and then space the remainder the same; 
if it should rua over the termination of the diagram 
it is of no importance, as after the curve is estab- 
lished the measure will be taken at the terminal 
point. The practical appHcation of the theoretic 
curve is this : If we find it below the curve given 
by the instrument, wo seek for the cause ; if the 
engine cuts off short, say at J or less of the stroke, 
we may, expect to find it a little, say a pound or 
two, above, at the last | or | of. the stroke; this is 
accounted for by re-evaporation of the water con- 
densed in -the first part of the stroke. But, if it 
should run as it often does 10 or 15 pounds above, 
we conclude at once that the steam valve leaks. 
If we find the curve made by the instrument fall- 
ing below the theoretic line, we are certain that 
either the piston or exhaust valve leaks, or may bo 
both. 

Diagram No. 15 was taken from an engine 
24" X^^"j makiQg 50 revolutions per minute. The 
steam valves are of the class known as balanced 
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poppet ; the esJiaust valves plain slide ; point Of' 
cat^ff adjusted by the action of the governor. 
Boiler pressure 48 lbs., steam pipe G" diameter by- 
ISO' in length, the eshaust pipe 7" diameter by 175' 
long, scale of the instrument 30 lbs. to the iach; 
work being done, driving two trains of rolls, one 
of 20", the other of IG" diameter, with the concom- 
itant and other machinery. 

It wUl be obseri'ed that the preasnre in the cylin- 
der fell off some 10 Iba. from the initial in the 
boiler, which is easily accounted for by the great 
length of the steam pipe. The 2 lbs. bact preosare 
maybe accounted for by the excessive length of the 
exhaust pipe ; these defects are no fault of the 
engine. 

The card is a very excellent one; we rarely see ita 
equal — no superiors, unless from an engine whose 
cylinder ia jacketed with high steam.. It.will be 
seen that the lines given by the iustrament vtary 
but httle from theoretic curve. The engine wfte 
constructed by Messrs. Woodniff & Beach, under 
Mr. "Wm. "Wright's patent. 

Diagram No. 16 was taken from the top of the 
cylinder of the steamer Newport; it wiU be recog- 
nized by the engineer as very good. The Bteam 
pressui'6 on the boiler was by the gauge 22 lbs., 
vacuum per gange 26". It wiU be seen that the 
diagram shows 20.5 lbs. The terminal point is aap- 
posed to be as should be; yot, not having the data 
to calculate the area of the clearance, passage-ways, 
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etc., we cannot ascertain where the terminal point 
should be, exactly. 

If the exhaust had opened a httlo earlier, it 
would have improved the vacuum at its commence- 
ment. 

Diagram No. 17 is from an engine 24'' diameter 
X4:8" stroke, 60 revolutions per minute, Babcock 
& Wilcox patent ; cylinder jacketed with steam 
from the boiler. The clearance is -^ of the stroke, 
boiler pressure 72 lbs. to square inch, scale 40"=1". 

This engine is in the flouring mills of Messrs. 
Chapin, Miles & Co., Milwaukie. 

The wo^k being done when the diagrams were 
taken was driving 4 runs of 4' 6'' stoaes, and 2 runs 
of 4' ; 180 revolutions per minute, with all the 
required flouring machinery as used in such mills. 

We give this data, that any one who wishes can 
make the theoretical curve; it will be found almost 
perfect. - 

The expansion line, it will be noticed, is some- 
what waved, which is incident to the high speed, 
high pressure, and early opening of the valves. 

The terminal point of the expansion line will 
be found about 3 lbs. above the true line, caused 
by evaporation of water that went over with the 
steam. 

Another and unusual point is the very near 
approach of the pressure in the cylinder to that in 
the boiler, being but 2 J lbs. less. When we take 
into consideration the speed of the piston, 480' per 
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I the MdftJoa nt*e to be ^^dl^ bdnd 
" tia^ tbe jRane gnidnl^ vedaen the first of Oi* 
■tnfca, M ^M gCTCTTQg ww lai ning the rotriprgMoJ 
mt H Binsll,bttt aaHxn as t^ pttaip begiiia to 
d^*er inlo the reiaerTwr, &e iubbsuiu coBtiBtus 
mriform tiD the indnctioB -ntwe dLoaes nnr tfae aid 
of the stroke; the exhaust is free, utd there Is • 
slight compreskoi at the end of the retiim stnifa^ 

Fig. 2 19 from the pnmpi, vbich is | of the cspa^ 
city of the working ^Under, asd shoirs the gradual 
iQcrcase of pressure as the piston descends and 
compresflcs the air; the corves or ^aves at the 
point of greater pressure show the power required 
to open tlio eduction valve; the preeenre then con- 
tinne§ uniform till the inJaction to the working 
cjlinJor closes, when the pressure runs up ; at the 
oommoncomcnt of the return stroke of the pump 
piiton, thu piincil mark inclines back, showing the 
time rcquii'od for the closing of the eduction valTO, 
and tlio wiivo Iwlinv the atmospheric shows the 
timo iiinl jiowor for opening the induction valve. 

,Tlio working cylinder is 1G"X1(5" stroke, and 
makcn Tl) ruvuliilions per minute, scale 12 lbs, to 
Olio iuoh. 
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The pump, Fig. 2, is g the capacity of tho work- 
ing cylinder. Fig. 1; Iience, y/o moasore the aTeraga 
pressure of the two diagrams, each separately. 
Suppose the worldng cylinder to show an average 
of 10 lbs. to the square inch, and the pump diagram 
to show 9 lbs. to the square inch. The pump being 
^ of the capacity of the working cylinder, we divide 
the mean pressure, which we have assumed as lbs., 
by 3, the quotient ia 3, this added to 10 is 13; 3 sab- 
txacted from 9 leaves G, which subtracted from 13 
leaves 7 lbs. effective pressiu'e per square inch on 
the piston. 

Our author concludes the work with a graphic 
Bcooruafcof "A Hide on the Buffer Beam" on the 
Great Eastern Bailway, making the trip trom Lon- 
don to Yarmouth (England) in company with Mr. 
Zerah Colbum, for the piurposo of taking diagrams 
from the engines, in which they were eminently 
Bcecesaful; which the compiler of this, owing to the 
prescribed limits of this work, reluctantly feels 
compelled to omit, and substitute an account of a, 
similar, though shorter, trip — from "Wilmington, 
Del, to Philadelphia, on the PhQadelphia, ■Wil- 
mington and Baltimore R. B. Through the kind- 
ness of Mr. G. "W. Perry, master of machinery of 
thai, road. Locomotive No. 50, a first-class express 
engine built by "tho Taunton LoeomotiTe "Works" 
— cylinders 16" diameter by 24" stroke, four driving 
■wheels 5' 6" diameter, making 305.46 revolutions to 
the mile— was placed at the disposal of the writer, 



and fitted for the occaaion under his directions hy 
Mr. S. A. Hodgman, the able and efficient master 
mechanic of the shops. The cngiEe is outside con- 
■ nected. The diagrams -were taken from tho for- 
ward end of each cylinder. — Short ^" pipes were 
screwed into the top parts of the cjliuder covers, 
with elbows J" intenial diameter pointing upwards, 
to which tho Indicators were attached. An iron 
rail was secured to the signal flag-stands on the 
narrow platform in ft-ont; a packing-bos some 9" 
high served as a seat for each operator, with hia 
back to the wind, and tho Indicator between hia 
knees. 

The method employed for giving motion to tho 
papers was very simple. A plank oe each side of 
the boiler, running from tho cab to the platform, 
about 3 ' above the cross-head, and directly over it, 
which was need for the purpose of going forward 
to oil, etc., was morticed through in the proper 
place, and a bracket with a hole through it to 
eecure the ann to, was bolted to the plank beside 
the mortice. A stud with a nut on it was faatened 
to the bracket, pointing outwards horizontally. A 
light ai'm swung from this stud and received a 
vibratory motion from another stud screwed into 
the side of the croas-head, working in a well-fitted 
slot in tho lower end of the arm. A button-headed 
pin was inserted in this arm at about 7" below the 
point of suspension, and to this was attached the 
eord leading directly to the Indicator, giving to the 



RICHARDS* STEAM-ENGINE INDICATOR. 75 

paper a motion of 4J". Great care was taken to* 
set the arm, so that -when the engine was on the 
half-stroke and the cord attached to the instru- 
ment, it might be at right angles with the arm. 
The cord had a hook about 2" long, with a bend 
about IJ" diameter, with a corresponding one on 
the instrument cord, which made it easy to attach 
under any speed. The hook on the cord was 
secured by two other cords to keep it in position, 
allowing it to moTO back and forth, but not to fall 
when disengaged, where it could not be readily 
seized. 

It was arranged with the engineer that he should 
run at all times with the throttle-valve fully open, 
governing the speed entirely by changing the point 
of cut-off. Everything being ready, Mr. Hodgman, 
the master mechanic of the shops, and myseK, pre- 
pared to mount the platform. It being the month 
of November, and not being very warm, an extra 
overcoat was put on; a pair of woollen gloves, 
fingers amputated at the second joint, leaving 
enough of the finger bare to manipulate the instru- 
ments, were found to work well. 

Our first essay was with the engine and tender 
alone, to see that all was right. We took several 
diagrams, both on the forward and backward mo- 
tions. We found the valves remarkably well set. 

Diagram No. 19 is one of a pair that were taken 
when running about 20 miles per hour; working 
the steam full stroke, both backwards and forwards. 
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abow3 how nearly the two actions correspond. Ba 
mate fi-om the right-hand cylinder is a perfect fac- 
simile of the one we engrave. In taking those carda, 
the throttle was quite open. Pressure of steam not 
noted. The sc.ile of the instrnment 40 to the inch. 
During these preliminary esperimentSj an unfortu- 
nate accident happened to one of the instruments 
by breaking a spring. Not having an extra 40 
spring, we substituted a 30 spring in each instru- 
ment, and that we might get sufficient range, wa 
put washers between the end of the spring and the 
piston, of sufficient thickness to carry tho piston 
down to the vacuum line, thereby giving ua a scope 
of 15 lbs. more, and snfficient to answer the require- 
ments for 105 Iba. pressure in the cylinders. Imen- 
tion this for the reason that should tho young 
engineer meet with a similar mishap, ha may be 
posted on the subject. The delay caused by this 
mishap prevented ua from carrying out aprogramme 
WQ had made previously. At 4 p. m. the express 
train arrived from Baltimore, which it had been 
arranged for us to take to Philadelphia. We took 
diagrams at speeds varyiaig from 30 to 60 or more 
miles per hoar, with great facility, at full stroke, and 
cutting off at various jioints. In consequence of 
our weak springs, our experiments were limited in 
presBuro to 105 lbs., hence we could not maintain 
our speed when catting off short. 

Diagram No. 20, scale 30 to tho inch from the 
light hand cylinder, cutting off at about one fourth 
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stroke, was taken at 60 miles per liour, piston making 
1,222 feet per minute, 305.46 reTolutiona. Notwitli- 
standing this extraorilinary speed of piston, tke 
lines are all well defined, showing distinctly the 
points of cut-o£f and release. A remarkable point 
in the diagram is, that though the pencil passed 
over it coi-tainly twice or more, the Hues are 
very near to each other, showing that even under 
this nnprecodented speed of piston the instriimeut 
was uniform and reliable in its action. This is not 
a selected diagram ; all others taken on the trip 
show the same characteristics. 

Diagram No. 21, same scale, from the left-hand 
cylinder, cutting off ono notch shorter, with a higher 
preBsure of steam, taken nest aft«r the foregoing, 
exhibits tho same general features, though taken 
under a higher speed. 

Diagram No. 22, same scale, was nest token; 
working full stroke, with, as wiU bo seen, thi'ottle 
full open ; the speed increasing to such a degree 
that the engineer thought it prudent to put on J 
cut-off. 

This, as do all the other diagrams taken from tho 
engine, shows most marked points iu the construc- 
tion and setting of the valves; notwithstanding tho 
great speed, the steam hue is held uniform to the 
points of release. Tlio exhaust line is all that can 
be desired. The back pressure is merely nominal, 
the exhaust nozzles being i^" each. In getting tho 
diagrams, the writer was ably seconded by Mr. 
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Hodgluan, who, though it was his first attempt at 
taking diagramaj was remarkably efficient and cor- 
rect. 

"Wo have spoken of the accuracy of the Talva- 
ectting. These Talvea were set wholly by marks 
on the wheels, slides, and valve-rods, with stdam 
on, and of course valve-chest covered, which is the 
only method by which they can be correctly set, 
owing to the expansion of the parts by beat. 

"We would hero refer the engineer who wishes to 
be well informed on the important art of valve- 
setting, to a very eseellent work on the' slide valve 
and hnk motion by Mr, W. S. Auchincloss, recently 
pubhshed by D. Van Nostrand, 23 Murray-atreet, 
New York, which is the result of great research and 
practical experience; from which we copy: 



" 1. Place the crank at the 180° location, mark 
on the cross-head and one of its guides opposing 
' centre punch ' points, 

" 2. Bring the crank to the zero and mark a se- 
cond point on the guide. The two points thne 
found, measure the length of the stroke. Move the 
eccentric until the valve hag the required lead for 
the forwai'd stroke. 

"3. AdvancQ the crank in the direction of the 
motion until the exhaaat of the opposite stroke 
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closes ; scribe a line across the guide which shall 
pass through the point on the cross-head. 

" 4. Move the crank until the other exhaust closes 
and scribe a second line on the guide. 

" 5. If now the exhaust should close at equal dis- 
tances from the commencement of each stroke, the 
motion would be in adjustment; if not, alter the 
length of the eccentric rod until the closure becomes 
equalized, then return the crank to the zero posi- 
tion, and alter the angular advance of the eccentric 
until the required lead of the forward stroke is 
secured. 

" The position of the valve at the moment of 
closure may readily be fixed by means of a ' valve 
gauge' fitting centre punch points on the valve 
stem and its stuffing box. 

" The above process wiU serve also to equalize 
the cut-off if the valve be proportioned for this 
object." 

The trip was not without its discomforts, however 
successful it might have been, being accomplished 
on a November afternoon, with rather a low ther- 
mometer ; with nothing at our backs to break off 
the wind, with low seats and otherwise constrained 
positions, we at the conclusion of our trip found 
ourselves somewhat cold and a little stiff. Had it 
been a summer day, this source of discomfort would 
not have been, and we should have enjoyed the 
excitement of our trip much. 

So far as it is known to the writer, the above is 
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the first siiGcesafnl application of the Indicator to 
a. locomotive, wlien mating a regTilar trip on the 
road, in this country. It is qnite certain that there 
is no Indicator tnown bnt the Richards, that can 
bo saccossfully used for tho pui-pose. "Wc will con- 
clude with Mr. Porter's concluding paragraphs of 
his " Kide on a Boffer-Beam :" 

" These diagi-ams are taken under fewer difficul- 
ties than would be at first imagined, if the weather 
is pleasant, and the proper proTision ia made for 
the comfort and security of the operators. Tho 
principal difficulty is from the wind, which, at very 
high speed, approaches more nearly to a hurricane 
than anything that one is able to experience in thia 
latitude in any other way, and the labor of resist- 
ing it becomes quite wearisome, if the operator is 
not somewhat protected from its force. No un- 
pleasant sensation whatever is produced by tho 
rapid motion, the passing of trains is scarcely ob- 
served, and if no accident happens, there ia no 
danger more than in the carriages. Good weather 
is essential to the satisfactory accomplishment of 
the objects of such an exCui'sion." 
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CircTimferences of Circles, advancing by lOths. 



CIRCUMFERENCES. 
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14.6 
17.8; 
20.9 
24.0 
27.2 

303' 

33-5 
36.6 

39-8 

42.9 

46.0 
49.2 

52.3 

55-5 
58.6 

61.7 
64.9 
68.0 
71.2 

74-3 

77-5 
80.6 

^3-7 
86.9 
90.0 

93 • 2' 

96.3 

99-4, 
202.6202. 

205. 71206 . 

20S.9209. 
212.0212. 
215.1215. 
218.3218. 
221.4221. 



9 
I 

2 
4 
5 
6 
8 

9 
I 

I 

3 

5 
6 

I 

^, 
3, 

5' 
6. 

S 

9 
o 



.8 



14. 

18. 
21. 
24. 

27. 

30. 

33- 
36. 
40. 

43 
46. 

49- 
52. 

55- 
58. 

62. 
65. 
68. 

71- 

74. 

77- 
80. 

84. 
87. 
90. 

93- 
96. 

99.8200.1 200 

9203.21203. 

o 206 . 4 206 . 

2 209.5 209. 

3 212.6 213. 
5 215.8 216. 
6218.9 219. 
7 222. 1 222. 



15.2 
18.4; 
21. 5i 

24- 7i 

27.81 

31.0 

34. i| 

37.2; 

40.4 
43-51 
46.7 
49.8 

52.9 
56.1 

59.2 

62.4 

65.5 
68.7, 
71.8, 

74.9; 

78.1 
81.2 

84.4 

87-5 
90.6 

93.8; 
96.9 



15- 
18. 

25- 

28. 

31- 

34. 

37- 
40. 

43- 

47- 
50. 

53- 
56. 

59. 
62. 
65. 
69. 

72. 
75- 
78. 
81. 
84. 
87. 
91. 

94. 
97 



6 

7 
8 

o 

I 

3 
4 
6' 

7, 

8 

I 

I 

o 

i! 

3' 
4 

5 

7 
8 

t 
i 

5, 
7, 
8' 

o! 
I 

n 

*« ^ 

4 
5 
7 
8 
o 
I 



159 
19.0 

22.2 

253 
28.4 

31.6 

34-7 

37-9 
41.0 

44.1 

47-3 
50.4 
53-6 
56.7 
59-9 
63.0 
66.1 

693 
72.4 

75.6 

78.7 
81.8 
85. o 
88.1 

91-3 
94.4 
97.6 
200.7 
203 . 8! 
207.0 

210. 1 

2133 
216.4 

219.5 

222.7 
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Circmnferences of Circles, advancing by lOths. 



i ^ 



C I RCUM FEREXCES. 



X .o 



.2 



.6 



! -s i 



1 71223. 
72 226. 

73229 
74232. 

75 235 • 

76 238. 
77241. 
78245. 
79 248. 
80251. 

81254. 
82257. 
83 260. 
84263. 
85267. 

86 270. 

87273- 
88276. 

89279. 

90 282 . 

91I285. 
92289. 
93292. 
94295. 
95298. 

96,301. 

97.:)04 

9^^:307. 

99311- 
100 314. 



0223.3223. 
I 226.5226. 
3 229.6229. 

4232.7233- 
6235.9236. 

7239.0239. 
9242.2242. 
0245.3245 
I 248.5248. 
3251-6251. 

4254. 7255- 
6257.9258. 

7261. 0261. 

8'264.2'264. 

'267. 3-267. 



I 270.4270. 
3273.6273. 
4I276.7277. 
6'279.928o. 
7283.0283. 

8286.1286. 
0289.3289. 
I 292. 4 292. 
3295.6295. 
4298.7299. 

5 30 1 -9302. 

7305-0,305- 
8308.1308. 

0311-33"- 
I3i4-4,3i4- 



6223.9224.3224. 
8227.1227.4227. 
9230.2230.5230. 

1233.4233 7 234- 
2236.5236.8 237. 

3 239. 7 240.0240. 

5 242.8243. i;243. 

6245.9246 3246. 
8249.1 249.4249. 

9252.2252.5252. 

0255.4^255.7256. 
2258.5258.8259. 

3261.6262.0262. 
5264.8265.11265. 
6 267.9268. 2 268. 

8271. 1271. 4271. 
9274.2274.5274. 

0:277. 4"277. 7278. 
2280.5,280.8281. 
3,283.6284.0284. 

5I2S6. 8287. 1287. 
6 289. 9290. 2 290. 
7'293. 11293.4293. 
9296.2296.5296. 
0299.3299.7300. 

302.5302.8303. 
305 6305.9306. 



6224.9225. 
7228.0228. 
9 231. 2231. 
0234.3234. 

I237-5237- 
3240.6240. 
4243.7244. 
6246.9247. 
7250.0250. 
8253-2'253. 

o236.3;256. 

I 259 -4259 • 
3262.6262. 

4265.7266. 

6!268.9 269. 



7272.0 



272.3 



275 

278, 

281. 



308.8 

3II-9 
315-1 



8275.2 
o'278.3 
i!28i.4 
3'284.6 284. 

41287.7288, 
5:290.9291. 
7294.0294, 
8297.1:297. 
0300.31300 

I 

3 



309.1309. 
312.2312. 

3I5-43I5' 



303- 4^303 
306.6306 



309- 7 
312.9 



310 
313 



316.0,316 



2 22 ^ 
3228 

5231 
6234 
8238 

9241 
1244 

2,247 
3=250 

5J253 
6256 
8J260, 
91263 
266 
269 

272 

5;275 
6278, 

8282. 

9I285. 

0288.: 

2 291 . 

3i294- 
5297. 

6300. 

71304- 

9307. 
0310 

2 
3 



.5225 8 
. 7229.0. 
. 8 232 . 1 

•9235-3 
.1238.4. 

.2241.5: 

.4244.7 

5247.8; 



313 
316, 



6251.0' 
8254.1; 

9257.2' 
i'26o.4! 

21263.5' 
4266. 7j 

5269.8 

6273.0 
8276. 1 1 
9!279.2| 

l'282.4' 

2,285.51 

3288.7 
5I29I.8J 

6294 . 9 
8.298. 1 
9301.2 

3044 

307 -5 
3310.7 

5313-8 
316.9 



BIGH&ltI>3' BTEAU-ESQISE INDICATOK. g() 

If the areas of larger cylinders aro required, they 
will be found by the following Ecle : — Multiply the 
Bqnare of the diameter by the decimal .7854, and 
the product -will be the area in square inches ; 
or, multiply half the circumference by half the 
diameter. 



TABLE No. IL 
Stuiuiini} the VKigM of Ike crfmospWe, in lbs. acoirdupois, on 1 
sguare inch, corresponding lelth different hcU/hls of the barom- 
eter, from 23 inches to 31 inches, varying by tenths of an 
inch. 



BaroracWr 


.....^h.u 


ill Inthcs. 


.. , 


liul^cl,... 


in lbs. 


sS.o 


13,72 


29.1 


14.26 


1 10 I 


14-75 


iS 




"3 .77 


29 




14.3' 


30.2 


14 


80 


zS 




.3.83 


29 


3 


14.36 


30.3 


14 


85 


38 


3 


13 87 


29 


4 


14,41 


30.4 




50 


2S 


4 


'3-92 


29 


5 


.4.46 


30-5 




95 


28 


S 


'3-97 


29 





■4-51 


30 6 


'5 




2S 


6 




29 


7 


14,56 


30 7 


15 


05 


23 


i 


14,07 




8 


1461 


3=8 


'5 




28 


14 12 


29 




14.66 


30-9 


»5 


15 


25 


9 


14.17 


3° 




14.70 


31.0 


IS 


19 


29.0 


14,21 
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1 



TABLE No. IIL 

Showing the elastic force, tempemture, and volume of steam, cd 
temperatures from 32° to 387.3® ExJirmhelf, varying by 5® of 
temperature up to the boiling point, then by k lbs. of pressure o.i 
the square inch up to 2olbs., then by lbs, of pressure up to S'6 
lbs., and then by 5 lbs. of pressure up to 200 lbs. 



Elastic force in 


Temp 
raturi 


, , Volume. 


Elastic 
Inches 


forc< 


i in 


Tempe- 
rature. 1 > olume. 


Inches Pc 


)unds 


— r 

Pounds 


of 


per 






of 


per 






Merc'y- S( 

1 . 


J. in. 






i Merc'y- 


Sq. in. 






.200 


.093 


32. 


187407 


6.53 


3.100 


H5 


7040 


.221 


loS 


35 


170267 


7.42 


3- 


636 


150 


6243 


.263 . 


129 


40 


144529 


8.40 


4 


116 


155 


5559 


.316 


155 


45- 


121483 ; 


9.46 


4 


635 


160 


4976 


.375 • 


.184 


50. 


10^350 1:10.68 


5- 


23 


165 


4443 


.443 ■• 


217 


55- 


88388 ';i2.i3 


5 


94 


170 


3943 


•524 


257 


60. 


75421 ,13.62 


6. 


67 


175 


• 353«^ 


.616 . 


302 


65. 


64762 15.15 


7 


42 


180 


. 3208 


.721 


353 


70. 


55862 


17. 


8 


33 


185 


2S79 


.851 


417 


75 


47771 


19. 


9 


■31 


190 


2595 


I. 


49 


80 


4IO3I i21.22 


10 


4 


195. 


2342 


I. 17 


573 


85. 


35393 23.64 


II 


.58 


200 


2118 


1.36 . 


666 


90 


30425 1,26.13 


12 


.8 


205, 


1932 


1.58 . 


774 


95 


26686 28.84 


14 


■13 


210. 


1763 


1.85 , 


911 


100 


22873 


29.41 


H 


.41 


211. 


1730 


2.04 1 I 




103 


. 20958 30. 


14 


.7 


212. 


1700 


2.1S 1 I 


068 


105 


. 19693 '30-6 


15 




212. 


8 1669 


2-53 i I 


240 


no 


16667 31.62 


15 


•5 


214 


5! 1618 


'> 0'> I 


.431 


115. 


14942 132.64 


16 




216 


3; 1573 


3-3^ I 


632 


120 


• 13215 


:33-66 


16 


^5 


218. 


1530 


3-79 I 


.857 


125 


1 1 723 


;34.68 


17 




219. ( 


) 1488 


434 2. 


.129 


130 


. 1032S 


35.7 


17 


5 


221.: 


I 1440 


S'OO 






9036 


36 73 


18 




222.; 


7 1411 


5- 






A^ 


37.74 


18.5 , 


224.: 


J 1377 



b(-£NaiNE IXDICATOB. 



E.«ic 


^ 


1! 


Elastic force 


'\ 




Inches 


Ponn 


ds Lm,^" 


Vo;,™=,' i„h„ 


rwin 


as i'^T'^" 


Vo'.onH. 


Mi^'y- 


s|^ 




■Me^y. 


sS." 


1^ 




38.76 


19 


': 22', 


-3« ''02 


~w 


283,:, 


554 


39 


78 


19 




nL2 104 




5' 


2S4.4 


544 


40 


80 






i;Sl ,106 


o3 


52 




534 


41 


83 




5 ■ 329 c 


125.1 'oS 




S3 


2S6.g 


525 


42 


84 








16 


54 


283. 1 


516 


43 


86 




5 ;P-- 






11 


2S9.3 


50S 


44 


SS 






1174 '4 


H 


290.5 


500 


4) 


90 




S 235.1 


ir5o 116 


28 


57 


291 7 


492 


46 


92 


23 


236.3 


1127 118 


32 


5S 


292.9 


4S4 


% 


94 


23 


5 237.5 


1105 ;I20 


36 


59 


294 2 


477 


96 


24 


238.7 


Ioa4 122 


4 


60 


295.6 
296.9 


470 


49 


98 


24 


5 239.9 


1064 124 




61 


463 


SI 




s 


241- 


1044 , 126 




62 




456 


53 


04 


243-3 


1007 1 12S 




63 


299.2 


449 


55 


08 


s 


245-5 


973 ' 130 


P 


t* 


300.3 


443 


57 




247-6 


941 ,,'32 


^ 


^i 


30t,3 


437 


1? 


16 


29 


249.6 


9" ■ '34 


64 


66 


303,4 


431 




30 


251.6 


ESj ,136 


68 


67 


303-4 


425 


63 


24 


31 


253 -fi 


857 1 '38 


72 


63 


304 4 


419 


65 


28 


32 


255-5 


8J3 ■ 140 


76 


69 


305 4 


4'4 


67 


32 


33 


257-3 


810:142 


8 


70 


306.4 


408 


69 


36 


34 


259 I 


788 1144 


84 


71 


307.4 




71 




3i 


260,9 


767 ; 146 


83 


72 


308.4 


39S 


73 


*i 


3S 


262.6 


748 .148 


92 


73 


30-)- 3 


3«3 


75 


4S 
56 


37 


264-3 


739 ISO 


96 


74 


310.3 


383 


77 


38 


265.9 


712 '53 




75 


3'^-2 


3S3 


79 


39 


267 5 


695 155 


06 


76 




379 


El 


6 




269.1 


679 "57 




11 


3'3-i 


374 


S3 


64 




27Q.6 


664 159 


'4 


78 


3'4- 


370 


S5 


63 


42 


272.1 


649 161 


If 


79 


3'4-9 


366 


87 


72 




273,6 


035 '^3 




80 


3',^. 8 


362 


89 


76 


■M 


275- 


622 165 


11 


81 


316.7 


35S 


91 


8 


45 


276,4 


610 167 


3 


82 


317 6 


354 


93 


84 


46 


277.3 


S9S 169 


34 


S3 


3'8 4 




9S 


88 


47 


279.2 


S86 !,I7I 


3S 


84 


319-3 


346 


97 


92 


48 


280. 5 


575 i '73 


42 


85 


320,1 


342 


99.96 


49 


281.9 


564 ,,'83,62 


90 


■ 324-3 


32s 



BlCHABDa' STEIU-ENQINE mmOATOB. 



ElaHicfpret 




Volun>=. 


Elastic Sonx 


■1 


1 


Inchc. 


Pou. 


d, ^.X 


l.ch«l 


Ponnd, ^IHETlVolu,.-.! 


Mtic'y 


si 






Metc'y.i 


S^in 


j 


193-82 95 


328.2 


310 


,q6. 1 


150 


363.4 205 














.98 


a 14 ■ 19] 'OS 


335-8 




326-39 




3M.i 


193 


as4-39i "o 


339-2 


Z7I 


33659 




3711 




2.14.59 115 


342.; 


259 


346.79 


170 


«i" 


\u 












254 991 '=S 


349 1 


240 
















rss 


,80 t 




275-39; '35 
285.59] 140 




224. 


1^7.1. 1 


HW 


381. 




357? 






i>t5 






295 79 145 




210 






387-3 


'5« 



TABLE No. rV. 



Nq. 


Logariihm. 


No. 


Losuilbm. 


N 


>. Logirithm, 


1.25 


.22314 


5- 


1.60943 





5 2.25129 


•5 


.40546 


5-25 






2.30258 


I 75 


-55961 




1-70474 








. 6^3(4 


5-75 


1.74919 




2.48.150 


2,25 


.81093 


6 




'1 


2.56494 












3.7s 




6.S 


1.87180 


'■; 


2.7080s 




















\l 




3-5 


1.25276 


7-2=; 


1.98(00 


2.89S57 


3 75 


i.3^'75 


7 5 


2.0(490 


10 






1.38629 


7.75 


2.04769 




2 99573 








2.07944 








I ■ 50507 


8.5 


2.14006 






4-75 


I. 55814 


9- 


2.19722 
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TABLE No. 


V. 








Table of Steam used Eepansively. 








Average Pressure of steam in lbs, per. square inch for the 






whole stroke. 






Tnitial 








J LliLIctl 

Pressure, 
lbs. per 


Portion of stroke at which steam is cut off. 




square inch. 










K 


Vb 


K 


% 


li 


% 




5 


4.8 


4.6 


4.2 


3.7 


2.9 


1.9 




10 


9.6 


9.1 


8.4 


7.4 


5.9 


38 




15 


14.4 


^5-7 


12.7 


II. I 


8.9 


5-7 




20 


19.2 


. 18.3 


16.9 


14.8 


II. 9 


7.6 




25 


24.1 


22.9 


21. 1 


18.5 


14.9 


9 5 




30 


28.9 


27.5 


25.4 


22.2 


17.9 


II. 5 




35 


33-8 


32.1 


29.6 


25-9 


20.8 


13-4 




40 


37-5 


36.7 


33-8 


29.6 


^I'l 


15.4 




45 


43-4 


413 


381 


33-3 


26.8 


17-3 




50 


48.2 


45-9 


42.3 


370 


29.8 


19.2 




6o 


57-8 


55-1 


50.7 


44.5 


35-7 


23.1 




70 


67.4 


64.3 


59.2 


52.4 


41-7 


26.9 




80 


77-1 


73-5 


67.7 


59-3 


47.7 


30.8 




90 


86.7 


82.6 


76.1 


66.7 


536 


34 6 




100 


963 


91.8 


84.6 


74- 1 


59.6 


38.4 




no 


106. 


lOI.O 


93-1 


81.5 


65.6 


42.5 




120 


115. 2 


no. 2 


101.5 


89.4 


71.5 


46.1 




130 


125.4 


119. 1 


IIO.O 


95-3 


77.5 


50.0 




140 


134-9 


128.6 


118. 5 


103.8 


833 


53 8 




150 


144.7 


137 8 


126.4 


III 2 


894 


57.7 




160 


1536 


147.0 


135-4 


118. 2 


95 4 


61.5 




180 


173-5 


164.6 


1523 


132.9 


107.3 


69.2 




200 


192.7 


183.7 


169.3 


148.3 


119. 3 


76.9 
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KICHARDS' STEAM-ENGINE INDICATOR. 95 

water until it is filled level with the valve seat; wait 
a few minutes, and if it maintains its level wo know 
it is tight; then draw off the water, measure or 
weigh it, reduce it to cubic inches, and t.e have it 
exactly. Should the piston leak, we remove it out 
of our way ; cut a segment from soft wood of suffi- 
cient length and width to cover the port at its 
entrance to the cyhnder, fasten it in its place, and 
fill with water as above. To this must be added 
the clearance between piston, when on the centre 
and cover. 

Again, the clearance being known and added, 
we compute them by measurement. If the mean 
pressure falls short of that, we know that there is 
a leak in the exhaust valves or piston. If it over- 
runs that, we know the cut-off valves leak. Hence 
the utiHty of the table is to make those points 
manifest* 



* A very ingenious and useful cliatt for marking the points 
of the true curves has been published by the inventor, Mr. 
A. H. Kaynal, of New York city. 
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APPENDIX. 



USEFUL INFOEMATION. 

Cement for Steam Joints, 

Take a quantity of pure red lead, put it in an 
iron mortar or on a block or thick plate of iron. 
Put a quantity of pui*e white lead ground in oil ; 
knead them together until you make a thick putty, 
then poTind it ; the more it is pounded the softer it 
mil become. Roll in red lead and pound again ; 
repeat the operation, adding red lead and pound- 
ing until the mass becomes a good stiff putty. In 
applying it to the flange, it is "svell to • put a thin 
grummet around the orifice of the pipe to prevent 
the cement being forced inward to the pipe when 
the bolbs are screwed ui^. The more pounding the 
better. 

Another, to be used when the flanges are not 
faced : Make the above mass rather soft and add 
cast-iron borings, pounding in thoroughly until it h 
sufficiently soft to spread. 

Both the above are the most durable cements 
known to the engineer. They will resist fire and 
set in water. 
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Another (English), saiJ to bo Tery good : Take 
10 lbs. ground litliarge, 4 lbs. ground Paria -whito. 
I lb. yellow ochre, ^ oz. of hemp cut into lengths of 
^"; mis all together Tfith boiled linseed oil to the 
consistence of a stiff putty. Eesista fire and will 
Bet in water. [Pounding would improve it.— Ed.} 

A Good Dressing for Leather BelU 
One part of beef kidney tallow and two parts of 
castor oil, well mixed and applied warm. It will 
bo well to moisten the belt before applying it. 

No rats or other vermin will touch a belt after 
one appUcation of the oil. It makes the belt soft, 
and Las sufBcient gum in it to give a good adheeivo 
surface to hold well without being sticky. 

A belt with a given tension will drive 34 per cent 
more with the grain or hair side to the pulley than 
the flesh or rough side. 

Rules for Cilculalin^ BeUing, 

Thja is ono of the moat difficult problems the 
engineer has to solve. There are so many different 
conditions attending the conveyin'j of power by belts 
that no definite rule can he given. I liave found, 
however, that where the conditions ai-e fair to mid- 
dling, that a belt one inch wide, running 800 feet 
per minute, is equal to one horae power. Increased 
width in proportion. This will do the work under 
a safe and proper titision. There arc conditions. 
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howerer, whicli might require cToublo tin; above 
width or speed. 

Sow to make Mis run on the centres of pullers. 

It often happens tliat a belt will persist in run- 
ning on one aide of the pulley. 

In this case one or more things cauao it. First, 
ono or both of them may be conical, and of course 
the belt would run on the higher side. Second, the 
shafts may nyt be parallel ; in this case the belt 
would incline off, on the side towards where the 
ends of the shaft ai-e nearest to each other. The 
remedy in this case is, to make them parallel to 
each other by carrying the ends of the shaft towards 
whicli the belt inclines, farther apart. 

In giving rides for calculating the horse-power of 
belts, we would not be understood as saying that a 
belt will not do more than the rule would give ; on 
the contrary, wo know that double and even more 
power may be transmitted by them by a sufficient 
tension, which would create a ruinous amount of 
friction and a speedy destruction of the belt. We 
would be understood to say that the rules give data 
for a belt that will run with a moderate and safe 
tension. The attempt often made to calculate the 
work that a belt of given width and travel in feet 
per minute without any known tension is doing, or 
wUl do, is very like comparing the size of a pebble- 
stone to a piece of chalk. The Indicator tests that 
with certainty. 
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Tlio practice of putting an idler against a belt to 
make it drive is a most pernicious one, destructive 
alike to the belt and power ; its only merit is to 
disguise bad engineering. 

Measuring Steam used for heating. 

The engineer is often called to determine the 
amount of steam that is used to heat apartments, 
liquids, etc. This the Indicator does not reveal 
du'ectly, no farther than it shows how much steam 
it requires for a horse-power ; varied, of course, by 
the point of cut-off and its efficiency. 

Under these circumstances we have followed the 
rule of Watt, which is to allow one cubic foot of 
water per hour for each horse-power ; hence we 
measure the, water condensed in the heating pipes 
in a given time, and estimate accordingly. 

If it is inconvenient to reduce the water to cubic 
feet, it may be weighed, allowing 62.5 lbs. to the 
cubic foot, or ifc may be measured by the gallon, or 
7.48 gallons per cubic foot. 

When the steam pipe enters the vessel and it dis- 
charges the steam directly into the liquid to be 
heated, the water then cannot be caught to be 
measured ; in that case we measure the increment 
of its contents, and thereby find the quantity of 
steam condensed. 
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Condensation cf pipes and coils. 

Steam pipes in the ordinary cii'culation, such as 
are used to warm buildings, when one or more run 
around the sides of the apartment, having and 
maintaining a temperature of GO^, will condense 
.357 lbs. of water per hour for each square foot of 
surface of pipe. 

A coil maintaining the same temperature will 

* • 

condense .29 lbs. per hour per square foot of sur- 
face. 

The radiating surface of steam pipe required (o wcnn 

buildings and apartments. 

This varies in consequence of the character of the 
structures, the exposure, the quantity of glass, 
the use ' the space required to be heated is put to, 
climate, etc. 

In the city. of New York the data of calculation, 
modified by the above-mentioned circumstances, is 
this : 

For dweUings — when the pipes in form of a coil 
are placed in the cellar and supphed with air from 
outside — one square foot of pipe surface to 50 cubic 
feet of apartment to be warmed. 

When the coil is placed in the apartment, one 
square foot of surface of pipe to Go cubic feet of 
space. 

In stores and warehouses, one square foot of pipe 
surface to 175 to 200 cubic feet. 
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In workshops, oao square foot of pipe sarface to 
100 cnbic feet of space. 

Heating with exhaust steam is of questionable 
economy. It is not economical, certainly, when 
used in small pipes, in consequence of the power 
required to force the steam through them. We 
have seen exhaust steam used economically in work- 
ehopa and factories where it is permiasible to Use 
large cast-iron pipes, which present so much less 
friction surface in proportion to the area, that tho 
power used to force the steam into them shows bnt 
a small back pressure on the engine — 1 or 1^ lbs. par 
square inch — if the pipes are of suEBcient size and 
properly an-anged. _ "Wo have found tho following 
to work well in practice ; 

We use for the smaEest, flanged pipe, without re- 
gard to the size of the engine, 4" diameter. If it 
is required to ha over 75 feet in length, we use 5'' ; 
if over 100 feet, we use 6". 

The pipes should be | thick, with flanges at 
least 4 inches larger than the outside diameter of 
the pipe. 

These flanges should be faced so as to have a fair 
bearing over the whole surface, and when faced, not 
less than 5" thick, fastened with five bolts, ^"diame- 
ter. We place them, when practicable, around tho 
walls of the room, near the floor, on the sides most 
exposed, giving them an inclination of not less tlian 
one inch in ten feet ; for our joints, the cement No. 1 
(rabbcr Jiot permissible). 
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The main exhaust pipe we carry out of the build- 
ing, without reference to our heating pi^^es, except 
to have a nozzle to carry off steam to the highest 
end of the heating pipe. Should there bo one or 
more rooms above or below, separate pipes from 
tho main should be led off in the same way. The 
drain pipes should be at the lowest end of tho pipe, 
and J" to J" diameter. If it is desirable to let 
only water escape, a siphon may be fixed to tho 
end of the tail pipe, with legs of sufijcient length 
to overbalance the steam pressure, yd leaving tho 
water by its superior gravity to escape. 

The supports should be firmly fixed to the wall, 
in perfect line with each other, that there be no 
bend or low place for the water to collect, which 
would inevitably destroy tho pipe. 

We have used a system of pipes arranged as 
above, for eight years, without the least attention 
to them. Not a joint has leaked. 

Since the publication of tho first edition, I h'avo 
seen exhaust steam used in 1}" pipes with good re- 
sult, and with but little back pressure, llie arrange- 
ment was to take tho S-o:!^ off the main pipe into 
4-1^" pipe from the right and left side, carried around 
on each side of the rooms. At tbo termination of 
each coil, a pipe 2" diameter carried off the water 
and uncondensed steam. Tho back pressure shown 
was loss than 2 lbs. 
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Value of Pea and Dust Coal, as compar?d icith lump 

of good merchantable quality, with a blast induced 

by '• Hancock's Steam Blower" 

• 

2,000 lbs. of pea and dust, tlie screenings from 
the coal-yards, have been found equal to 1,600 lbs. 
of kimp. This is a result of several weeks' trial 
with the same engine and boiler doing the same 
work. 

Gauge glasses, when required to be cleaned, 
should have a wooden swab-stick. A- metallic one 
will cause the tube to fall to pieces inevitably, and 
sometimes immediately. 

Value of Cumberland coal as compared with 
anthracite. Two tons (4,000 lbs.) of anthracite 
furnished steam for an engine seven days. The 
same amount of Cumberland served the same 
engine, eveiything else the same, eight days. 

This experiment was continued with alternate 
changes for two months. 

Boiler, locomotive type, with natural draft. 
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